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Internet ImRs 

teu can find out lots mere about maths on the internet - yo ti can rftad about 
different types of numbers, examine theorems,, analyse statistics or construct 
ymif own graphs. For links to the.se websites., and many more, go to 
and type in the keywords wh*t Is maths. 




The links ore regularty reviewed ond updated, but iisborne Publishing 
connot be responsible For any website other than its own. 
Pfease fallow the internet safety guidelines displayed 
on the Usbo-rne l}ukkfinks Website. 




DJTROIKJC’TIOW 



WhsA’s maths ^11 atoAit? 



It’s *13 Greeii 
The v*ord ‘mathematic*' 1 
comejs from tN Greek word 
otottemo, meaning learning, 
itudy or Science. 



Understanding 
the ^\nrslioji 

Sometimes the hardest 
thing about solving □ ImatTiS 
problem ;sn h t the number^ 
but the wards. 



You might think maths is all about numbers It is - but 
it's also about shapes, amounts and patterns. Numbers 
provide a way to measure shapes, count things and 
even recognize patterns. 

Maths is used to find answers to questions, such 
as how' long a new bridge should be. or who is 
most likely to win a game. Even complex things, 
such as the flight patterns of birds, can be turned 
into mathematical models Models help people make 
predictions about what will happen in the future. 



who does i>raUi$? 



Part of the knack of 
maths ij reading questions 
carefully For ei.omple: 
hd w months haw 

Udapf 




Everyone does maths, all the time. You use maths to 
make a cake, decide how much food to buy fora party 
or plan wdiat move to make in a game. 

Maths is also a way of thinking and working things 
out that you can apply to any activity, even solving 
picture puzzles. 



This is a picture sudoku puzzle, h Ivery raw, every column and everjf 

complete the puzzle, dkow the correct 4 -square bat in the grid has to 

Face mtg each Space in the grid. include 0^ picture of each face... 
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(Tke twftair *+■. p<vje 93 ) 



...and wh face can oniy appear 
ONCE in «Rh roHt. column or box 
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JNtRoDucrrotf 



Ojie step at a time 

A lot of math.? boils down to knowing how to set 
out information in a clearway To solve a problem, 
mathematician j u*e sk lib similar to a detective. They 
look a\ the evidence or the facta, then apply reasoning 
to lead from one step to the next, until they find the 
answer Here's an example: 

Wow many blue marbles are in the box? 



• 


# 


Fact 1i 


Fact 2: 


Th& box contains 


There are 1 0 


ady red and bFue 


marbles in total 


marble^ 



Fact 3: 
There are 
3 red marbles. 




the point of Maths? 



Numbers aren't exactly real things', but the things they 
describe are real For example, you can have two dogs, 
or two apples, but two' on its own doesn't really 
describe anything Some maths is about real things, 
but lots of maths is about unreal, or abstract, ideas. 

Abstract, or pure, maths is often about exploring 
patterns and tackling puzzles. It doesn't always have a 
use in everyday life Eut learning pure maths teaches 
you how to think in a certain way 

Sometimes, even the most obscure maths facts turn 
out to have a practical use Turn the page to find out 
how people have used maths to change the world 



Caji you prove it? 

h Salve problems, 
nwthsFFiGtrci&hS don't just 
da Cdku4atians in their hcudj 
md wrrte down the CJPls 
A bi<j part srf doing maths \$ 
eupteining fatar they got 
thf tinker. 
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JW'fROEitfCTlQfJ 



How Ji^Ve MatheMatkiaji^ 

changed the world? 

Mathematicians have experimented with numbers and 
ideas for centuries This has led to some remarkable 
discoveries that have changed our lives, often by accident. 



Uh^etnrUijrfma the universe 

In the early 1 7 th tehtury, German mathematic ion ond 
astronomer Jqhonnes Kepler experimented with shapes 
qhd marked out how the planets and the 5 un relate to 
each other, He come up wth the theory that planets 
orbit the Sun in emptied (or ova?) - not circular - paths. 
Wis discoveries helped later astronomers to predict how 
pJanets and their moons move through space- 





Comp-uWr ]?L3lOUaje 
1 9 th-cerrtLiry Br itish mathematician 
George Socle invented Boolean logic - o system 
of giving values to statements. In his system^ a 
statement is given o vofue of V if it is true* or 
*Q* If it is folse. Boolean logic become the 
basis for the way computers *<*ork. 



Art &hd perspective 

For thousands of years, artists struggled to draw distances 
between objects accurately. In the 1 5 th century, itqiion 
eng^i’eer Brunelleschi found o trick; to show distance, he drew 
two- lines that met ot a point on the horizon, representing 
parallel lines. Such os the sides of a street. 



took ot the picture befow to see how st works: 




The sides of a real The sides of the street 
street ore par did ' n "this picture oren t 

- they never meet, parallel, but the street 
looks os if it goes into 
the distance. 



INTRojH/trflOtf 



Sir Qjig arc he* 

bridges tire often supported by arches. The shape of on 
anch allows the weight of the bridge to be spread out 
along tlie arch to supports at each end, instead 
of pushing down rn the middle. 

Ancient RuJnaji irothernatioans were among the first 
to use this design to build huge bridges and aqueducts. 





Rocftel sci&hte 

Jb mnkis a rocket, engineers 
need to work out many things including the 
best launch path, flow much fuel the rocket will 
need, and haw fast it must travel to 
escape the earth's gravity 



Many of these calculations are based on fawS 
□f farce and motion discovered by 
1 7th-century British mathematician 
and physicist Isaac Newton. 



Maps survey £ 

A new system for finding places on maps was invented by 
French mathematician Itene Descartes in the ^ 7 fch century, 
fn his system, any point an a map can be described by 
its distance along a horizontal line (the *-a?ris) 
a nd a verbcal line ( the y-oflis) 




3456 7 d 



This h known os the system of Cartesian 
coordinates. Coordinates are found on country 
map5 h road maps, archaeological plans, computer 
charts and even treasure maps. 




S^Vchlhg Ihe IhleThel 

In the U5A in tile late 20th century, computer 
scientists Lorry Page and Sergey Brin used a kind 
of maths called optimization to build a tool 
for searching the internet. 

Their original tool was meant to Search 
through scientific papers to find out which 
ones: discussed each other's findings. But the 
project soon grew, and became the basis for the 
internet search website known os tiaagfe. 
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lUTRQDUdTJOH 



Ijverycf&y Maths 

You learn lots of maths without ever opening a book. In fact 
there are many types of maths that you might do every day 
- not just at school - without even thinking of them as maths. 



w^lchiJi£ '* lour ha me nt 



Whenever someone wins -o medal at q tournament* suth as the 
Olympic Games, it's recorded on a medoJs to We, Understanding 
the information an the toWe is a type of maths. 



Ttsi$ country ktff fke -country, kaf fhs 

mO?t 5&fd mCdflfj ovfrfllf 



Cbunfru 


/ Gold 


Si tar 


Srente 


■ "Jr v — TJ 

C& wfldd Jr / 


14 


7 


5 


Ger m an^ / 


IQ 


13 


7 




9 


15 


13 


K : o r-.-irtij 


9 


3 


t 


toretf, 


i 


4 


* 




Eafimg c^pc-skit^s 





h bake a cake* you need to measure out ad the 
ingredients, mix them up in the right order, and 
bake them for the right amount of t jme. 
Measuring quantities is part of moths, If the 
recipe makes T 1 cupcakes* hut you want ta 
moke 1 S n you' II have to da even more maths. 



winning 

Some people try to wm arguments 
by shouting the loudest. But therms 
another way - using logical reasoning, 
which Is a type of math* too. 





INTRODucriOlX 



Planning a ro^U 

Imagine you're 901 ng on o tnp, and you have 
to peck up ten friends in a minibus. Wl? need 
ta use a type of moths to work out the most 
efficient route tp get to each 




wukkiho up in the Morn mg 

Hon do you decide what time ta set your dorm dock far? 
fau might need to work out how much time it takes ta 
hpsK dress and eot /our breakfast before youVe ready to 
leave the house. Even if you ady guess the dnswers h 
this is tid maths. 




wrappihg ^ present 

Wrapping paper usually comes in long rolls 
ftut you don't need df the paper to wrap a 
small presto*- h cut out th* correct amaunt 
of paper, most people estimate how much to 
use- ■ a very important part of maths. 




?l&hhihg a par \y 





3 piziaS with 
Slices; everyone 

get* 4 slices each. 



5 



5 friends 



When you invite lots af friends to a party, you need to 
do some maths to make sure you have enough food paid 
dnnk. Ff it's 0 sleep-over, you m?ght have to rearrange 
ypur bedroom so there's enough roam for everyone 
- another type of r»oths. 



Part l: 

Whal are iratokers? 




Numbers were invented to help people count 
and measure things But they have a life of their 
own. too. Mathematicians have discovered that the 
way numbers are connected creates all sorts of 
patterns Sometimes these patterns reveal useful 
tricks that heip with counting and measuring 
things, but sometimes they're just patterns 



WHAT ARE NUMBERS? 




dounTimg sU'f 
'writing 

[felt □( the first things f>™pJe 
needed to caumrt was probably the 
number af animaks they kept 
fhity ioept trark of amount* by 
carving groups of strokes collw 
taificl onto wood or bone. 

Ancient bones - with tally 
rrKirkjrejs a - wms of ihe oldest 
fi&rms of anting ever found. 




Qtrer ".5 DO years ago. 



people = 1 1 Asia ard Central 
Ananko used various 
different Symbols to 
represent Vetkina' 

The rinj shape., G. 
iiwenrted nearly 1,400 
years ago tn fndia. ft was 
ased by an Irdian scholar 
named Era-tinoaguptfl to 
hdp write aut really big; 
numbers. 



Simple symfcols 

Moat numbers can be written using juat ten symbols, 
or digits: 0, 1 2. 3. 4. 5, 6. 7 8 and 9 1 heae are 
sometimes called Hindu-Arabic numerals. because 
they’re baaed on ay m bob first used in India, and later 
the Arab world, over a thousand years ago. 



Neural numbers 

if you start at 1 and count up one at a time, youne 
counting natural numbers Natural numbers deacribe 
how many of something you're referring to. such a a 
one fiab, or two bottles. 

The symbol O' or zero, is an exception - it stands 
for not having any at all. Using juat ten digits. its 
poaiible to describe any natural number no matter 
how big it b. This ia tharpka to the digit zero .. 



■Zefo fo The re^dRie 

Zero lets you leave gaps in numbers. For example, 

5 and 6 can be uaed to write 5, 6, 56 or 65. But 
introducing a 0 lets you write 50. 60, 506, 605, 560 
and 650. The important part is the position of the zero 
and the number of zeroes there are. 

If you want to count your toes, the digits 1 to 9 will 
get you most of the way To count the final, tenth toe 
you use two digits: 1 followed by 0. The 1 doesn't atand 
for one toe any more, but for one group of ten toes. 
while the 0 stands for no extra toes. 




iz 




wRAT ARK RTUMIKRS? 



Couftliftg ill lefts 



Counting in tens is the basis for a way of counting 
called the decimal system, from the Latin decent. 
meaning 'ten. It's also known as base 10 

In the decimal system, the position of each digit 
show's its value, such as 'hundreds', 'tens' or 'units' 



# / „v * 




Tie scaliest 

yfliue pWe tk-v 

,P \ the riakf, 

y #» ^ v 



1000000 



I L 



When you see a big number written out, you can 
figure out what each digit is worth from w r here ;f sits, 
known as its place value Here are two examples: 



Bijiafy coefe 

taunting in tens isn't the only 
wet/ to count. Computers use a 
counting system m th just two 
digits, C and 1 . This S known oi 
binary code. 

Tl\£r£ ®re FO kimds 
af pcepfe m Jke world 

u-hO 

bmflny CO d€ , Qnd fko-£E 
wiiO don 






bih E> ^presents o swikh that 
Is turned off =n the computer* i 
hofdwnre n and ! represents □ 
iwiteh that's turned tin. A switch 
lqw\ be in <sny either position, 

So therms no need to- use more 
tflon two digits. ! n binary, t hs 

number Z as expressed as 
tm Eot of 'twos\ ond no L ortas t i 




r Ihif if 

Cd il/d 'TluD fl",OM£find 

L fkinhj-£ix\ J 



r rKL^ rinrnlser i£ tailed ^ 

pi ye kw^d^ed n^Nifiw. 
nicely fk&Mfd^d, eigkf 

V t\MW.dred flwd fklrdui' > 



# 



./ > 



V 

r 



Reilly big numbers ire ohm 
TiVTliitn vieh tommi j or 

Id nuk i‘ H fijifr lr> 
wart 6u( w i hlch exiLuiffin 
each di^ir is m 



RoMah eouhfih^ 

Unci'ent ftonsons uMd symbols 
that we otm cafl Reunan 
numeral !. ti, Ilf, Jtf, V, Vi, VI;. Villi,. 

JX and X Stood fpr the nun^rs 
1 to 1 0 - The/ didn't haye a 
/<*ro, So thc^ had to keep 



Inyentii-o new Symbols ia Stand 
for big numbers. 




h took lots of Roman numerals 
to write o h=g manlier Such oS 
\m MDCCCli. 



WHAT AR£ NUMBERS? 



UegailVe j?rejb]e!nj 

The first bowk to describe Itow 
So use negattve huti hers was 
written <n ^newrrt Chino over 
Z ? G0O yfcars ago. 

H i tdlsd 

C/w /rraftWrAolrra/ art and 
■?;<pjgin£ how to use negative 
numbers to siofve problems. 



Negative numBer^ 

You can also count backward: starring from zero. 
Numbers less than zero are called negative number:. 
The number written -1 is properly called negative one', 
although its often called 'minus one. 

The idea of negative numbers may seem odd but 
they can describe things in the real world. For example, 
if you owe a friend £5, but don't have any money, you 
could say that you have £-5, or 'negative five pounds'. 



Forever ah<f eVer 



£ h41ess sign 

Mathematician |ahri WciiliS 
introduced the symfcd oq to 
stand for infinity in 1$55- 
if you trace tbs symbol with 
a paucity ou con keep going 
refund cmd rsund forever, ft w as 
also on #asy symbol to- use in 
printing, as it was mode by j-ust 
putting an £ on its ydc, 



If you start counting up from zero, you could keep 
going and never reach a final number You can always 
add 1 to a positive number to get a bigger number 
There: no such thing as the biggest number , but there 
is a word to represent the idea of such a number 
infinity. Its represented by the symbol QO 

Infinity is an abstract idea that doesn't represent 
anything that really exists, For example, the number of 
grains of sand in a desert, or stars in a galaxy may be 
incredibly large - but it isn't infinite, 



A^i iinfivvfy pflTOcbx 

I9!ii-£*ntnry German maHiSmaficiiin Gtorq Cantor i*piar?d to 

reatk infinity, And found (in inferfftin^ pstir of filicfa. 




Leh B bt 

*fl Ike etiw ^-derr. 



2, 4, 6, B. 10. 

Tkilff <|+ if ft IrD 
Ulflnll*. 



H 



pc opt Ic ceuntinj 

c-it riirk Ket -n 

A; i t 2 r 1, +, 5... 

B J, 4, &, 8, 10, 

&e*i, kftwt HhC f4wtf 



But fit A £D^iijiiFi§ ill f 
Hvi M ar ^rl"' 

r,i ri e rfvrrt mHmtrjp'f 

TUf -nBAnS A If 

«*&■ 



TU i* -v. e*ftrrfJe p*r#dftr Ur- 
fUT|>*iihf'S Luf- icl£.. dfT bof^- irutf 
£6nh r i*t[icf eoc.k fitkfy 



WJfAl AKt NUMBERS? 









Hundreds 



IhnusiiuK 



Altern&tiv* 



counting 



systems 

Long ago. people developed all sorts of 
counting jyjte™. Some are .still in use today. 

SjrjuJ&els and $pac?ei 

About 5,{JQ{J yt'ors oga in Babylonia, where Iraq 
is today i people counted in 60s. They used 59 
diff ."rent synods fur the numbers 1- 5*? and' 
left o space for zero. hr bigger numbers, each 
symbol's position stood for groups of 60s, 
or 60x60s* and so on. 
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this represents 2,327- 
The Ancient Egyptians redd from right 
to left and had separate symbols far 
2,000, iOO, 20 and 7 



This number is 'll, The 
first symbol stands 
Tar doc group of £0. 
The nest three symbols 
represent 1 2 units. 



ZeVaUss Egyptians 

Around 6.000 years ago, the Ancient Egyptians began 
to develop a number system using signs for T-?. They 
didn't have a iway to show zero* So they had to use 
different symbols to stand far groups of T Ds^ T 00s 
□nd so an, as the Romans did. 



This counting system survives in the way 
hours are deeded into 60 minutes, and 
minutes into 60 seconds. 



Nu M<?r ajj Vkhd tvlMfrihS 

Over 3j.000 years ago the Maya people in Central 
America counted in 70s. They had numerals for 0-19, 
For brgger numbers^ they wrote rows of numerals, 
fhe higher raws stood for groups of 
ZOs and 2Q.«:2Gs. like our 
1 0s and 1 00s- 



Cnuhlihg with an 

There ore many versions of an ancient 
counting ton! cdled an abacus - same still 
in use in parts of Asia today Each abacus 
has columns of beads,, laid out in o grid 
Every column stands for increasing 
quantities, far example units, 10s. TOOs 
a nd so on, in the decimal system. 

Th’S abacus shows 
the number fi 5,^-2 1 

In the upper Section each 
bead pushed dawn odds 5 



fen thousands 



In the lower section, 
every head pushed bo 
the top adds T. 



6 5 * a ! 



wHAt NUMBERS? 



Mehlal blah 

Some people are realty at 
d&ina lnentJ? aH thmetk ar 

EUJilS \n their beak. But not 
L-veryane finds this easy. 

Even ia#Fic tiwihcrnaticol 
geniuses* Such aj Albert 
F VtfUin, struggled wJith this. 
So if you struggle too, don't 
thi nk that means you're lto=£ 
Ot maths. 




Doing arithmetic 



Perhaps the most common use for numbers is to do a 
kind of maths called arithmetic Arithmetic combines 
numbers together using four operations: addition 
subtraction, multiplication and division 

Most people use simple arithmetic every day for 
example adding up coins to pay for something, or 
working out how to divide a cake fairly, 



( Set the or<fer right 

Often, the quicke.it way to salve a number problem 
is to use a calculator But a calculator won't give you 
the right answer unless you enter the numbers and 
symbols correctly The res a correct order for solving 
^ny arithmetic problem. Here it is; 



d’&IduIaUoH Fade 

It can Lt tempting to use n 
cakuloitar tor every Sulm you 
see. But f you practice 
arithmetic, mj’il find that 
your brain is often fuller 
thari a machine. 



Brackets 

Powers arid roots (see p. 24-25) 
Multiplication and division 
Addition and subtraction 




Brackets show which part of a calculation is meant to be 
done first. For example, consider 8 + 12 - 5 - 4 2: 



What’s hltltlj 




i* 




wHAT ARE tfu M3ERS? 





ff you raed to do o calculotkin 
qutckf^ such as 10 x n.jou COM 
just round the numbers to 
20 X 20. Thi s Sum \s easiEr ta do, 
and will grtre fau an appra^mab? 
answer that will k dose to the 
exact answer. 

20 t 20 = *M 

(Exact ohSwen ? S js 22 - 3%) 



(Exact answer: 
f T4.9 1) 



(iiXLeSS 'Wh'&X? 



Sometimes. it's useful to estimate, or guess, the answer 
to a sum, For example, if you’re shopping and want to 
know if you've enough money to buy everything you 
want, you can round up or round down the prices to 
numbers that you can add quickfy in your head. This 
will give you an approximate answer 



^-ueSStitoatetf 



Most estimates are made by rounding off known 
numbers. But sometimes its useful to guess at an 
answer even if you don't know the numbers. 
This is often called a guesstimate. 



Do exist? 

Awitri&An flrfrDpkyfltiSf Frflttfc Prfite muSn+flE n^f JnOi*. 1 

Iitfify. if i£ f^£f€ flre flwy in lUsty, 

Ip hfifp Answer thi? b^ r lk« Cdwf Up udi+k fl [i^f Cff 

^ Oil fee Gjy esf Lon£ . 5 * m £ i?f bfi £-f fi mfl+ed 

t^rom^in, ftbfervaii&n, retire gyesswent 



QuifitfiOiof Hsfit CflJH he EffimoJed: 
ft) How tnflraj ■jlflCJ Hf? 
ttvflCe i*\ ti.f jj4|q.vy? 

W} Horn sfarf is^V¥ pLftfte? 

c) fdflrvrh; Ire? 



Oirtfhsnf ttlit £** 

d llO'jj n*ft-nvp pUn-sts flA'cjkf 

Actually develop fife? 
b] How pfeinehf Fwi^jkt 

develop civi | ? 




Lve^ very Idiai 

fo e$cU 

fkfrfi fjjnld cfllf 
b£ flbcjyl foyr I'k-DL+^fl^d 

CiviJizdfififcn^ iln 

V Oyr fi4^xy- j 




tv HAT ARH NUMBERS? 




fvnry zxcc$>\ I. 

W ^ 3 facter*: i 

*Kvd ifadf 



£vfl?\j avSK 1 . m'-i>T.be! f 

2 ) Use flf !(n:,{ i 
. 1 2 ^v.-d 

Facfo^c^ ndd n.uiniW^: 
are a fwfly? «W 
fac/arf ti" eycn r^vdeert 
r-^i^i W is 4 d tjf svfiH 



N-M^ker Melids 

Ancient Greek matheffKitrcmn 
PythajqpraS founded a community 
called the PyitongormTi Order. Jts 
nsemb«r.i believed numbers could 
fjcploirfc everything in the world 

Jtiu numbers they especially liked 
were ZZ0 ahd Z04. ^ you add up 
the foctani af ZZQ (except 1 
&t4 220), you tpt ZS4. 

And if you && up -the farton 
af 2^4 (eicept 1 ahd ZE4}, it 
makes 220, 

Because they shared this Strange 1 
I nk. Pythagoreans cadad them 
amicable mjjjibers* they 
symbol-sed friendship. 




Breaking iowti irumkers 

Numbers can be broken down into one or more factors 
- numbers that divide exactly into them. Every whole 
number .shares one factor: 1 Rut most numbers have 
other factors, too, For instance. 6 has factors 1, 2, 5 and 6 

Finding factors 

To Find ail the factors of a number 
try dividing it by every smaller 
number 1, 2, 3, 4 and so on, 

For example, the factors of 24 are: 

There aren't really any shortcuts to finding factors. 

Rut you can make the job quicker by listing 
them in pairs, starting From 1 and working up 





Each of these pairs 
multiplied tagetlier 

makes 7A- ^ 



K^d: &SV of 2^ 

h 24 
2, 12 
3, 8 
* 4, 6 
(6, 4)*- 



As soon as a number is 
repeated, you know you W 
fiound nl the factors. 



using factors 

If you want to solve calculations containing big 
numbers,, it helps to break the numbers down into their 
factors. For example, to figure out 24 x 3, you could 
change 24 into a factor pair such as 3 x 8. Now all you 
have to figure out is 3 x 3 x 8. This becomes 9 x S, which 
is easy if you know your times tables. (The answer is 72.) 
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wj-fAT AKZ NVMBVfcS? 



Prime numbers 



Some numbers have just two factor* - themselves 
and the number 1 These are called prime numbers 
(The number 1 has only one factor - Itself - so it isn't 
considered a prime number) 

You can see which numbers are prime by drawing 
th^m out like this 



Nnn-pnme numbers 
make rectangles. 



















i 





PH me numbers can only make 
rectangles *f they Ye all m a I ins. 





Primes fthd secrets 

In the 1970s. a group of three U5 maths professors, 
known together as R5A. showed how prime numbers 
could be used to build uncrackable codes The RSA 
method is now used to make online banking and 
shopping secure 

The trick is to pick two very big prime numbers 
and multiply them together This creates one very, 
very long number This number can then be combined 
with a credit card number so keeping it hidden. 

The only known way to retrieve the credit card 
number is with the original primes A computer testing 
every possible combination of known prime numbers 
would take decades to work out the answer 







The ultimate budding bbck 
numfcer is T, tod can build up 
finy whale number by arfd-ng 
together lots of 1 5- 

1 is also by far the mwt 
tammoa number arour*i 
Wiricap ptysicist Frank 
Eenfard discovered that in 
almost any content - fa* 
example, on the pages of a 
news paper - numbers 
beginning in 1 LiilJ appear 
neariy three times more 
often thtfh ether numbers 



Prune 

One of tile Strarait 1 things 
about. pr me rwmbers 's that 
if ycHi i«*ite them dawn in □ 
Jiff, they don't Seem ia farm 
any pattern- 

For thousand* of years, 
methematidflns aroimd the 
world have been trying to 
discover a pattern or rule to 
expiam th« sequence of pnme 
wrrfaers™ wi thotit success. 






WHAT A HE ’yuMBSRS? 



Arty Mat hi 

When ortiJtj draw □ person, 
thej often split body up 
in: ci fractions Th ? heips 
them check that each tf-art 
h n propartioR 




Head = 7 of the total height 
ftrms = t of the total b/j-.ght 
Lees = f of the total height 



Wisible 

frflef Ionif 
Wkoli ftmwWr £&r% E?p 

wr-'ifW. frtflft'BHT, /m. 
For Member- 

^ CAm bg wriffan -f , 

mHam ‘ hi* out tTv? ‘ . TT\f 

! ’ fke beftam ■kwoww 
‘H.( ^v'iiSbJi ^^alflOml#Ulfel r, 
ImCAm^ *i£urtf[y 

wr't fc i t Jowh 








BiU of numbers 

As well as whole numbers, there are also bib of 
numbers. known as fractions Tractions exist in the real 
world, too for example slices of a cake are fractions 

The number on top of the hnr \S called thn 
iTWierfltpr This 15 the number of 'b iti ' 




The numtwr hekm the Jint: is tdlifld the dennminatar. ThtS 
is the total number af 'b iU' that make a nhate nurr^fif. 



MjXe^-up fractions 

Proper fractions have a smaller numerator than 
denominator such as ^ . (nine twentieths) These are 
the types of fractions you will come across most often 
An improper fraction has a larger numerator than 
denominator This sort of fraction can also be written 
as a mixture of whole numbers and proper fractions, 
called a mixed number Here’s an example: 




wHAT ARE NUMBERS? 



IVs Ihe same number 

There are many ways to write the same quantity in 
fractions. For example yr-and y are all different 
ways of describing a half 

When doing arithmetic, its often easier to simplify 
any fractions first. But if you're describing something 
real, such as the number of people in a glee dub who 
are left-handed, it might be more meaningful to say 
5 out of 30', rather than simplify to 1 out of 6'. 



The smallest fraction 




If you kept cutting a loaf of bread into smaller and 
smaller fractions, the slices would soon crumble. 
Ancient Greek philosophers came up with the 
idea that if you keep cutting an object in half you 
eventually get something so tiny it cant he cut again, 
They named this imaginary thing an atom', 
which means uncuttabk' 
in Ancient Greek. 



But in the world of maths, there are no limits. You can 
take any number; no matter how small, and divide it 
in half to get an even smaller number Just as there is 
no such thing as the biggest number only the idea of 
infinity or co, so there is no such thing as the smallest 
number only the concept - ^. 



^Ua] fTacfioJiS 

Whenever ^ou haute a fraction, 
check to site rf the numbers 
a be vc and bsJcM the ir^ hove 
common factors - ruirnbers 
thatdjyfrie inUt both ol them 
If they dto, the Iraction can 
Jjc Simplified. 

for example, look at the 
fraction}?. 

1 3 arif ?.4 con both 
b £ -divided bj 6. 

Thcrt arc 3 sinei in T S, 
and 4 snies in 14- 



Iritis ttieisimc as ?-. 




Shrinking 

frutioitf 



Inq-Easing the value of the 
denominator shrinks a, 
fnattiCH* If tlic numerator 
Sta^S the Same, but the 
denominator gets bigger, 
the f raetjen -jets Seller, 
ji> t il ITMaUtfr than y h f ii 
cyan smalier, and fr is 
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wHjVT AK£ WU MEEKS? 




k tu~r >1 froLt .on i 'ito n 
decimal sqIve ±Ije division 
problem sfescnhed b? the 
fraction. Jot example* t 
becomei 1 : 1- which 5 ft 5 



On ■And oh Khd on 

Some rompers behave better 
cl- fractions thou as decimate 
J is a simple fractitm. 8 ut as 
arfecirtsdl, 1 -s -3 leaves jwu 
wtfa 0 , 3333333333333 - 

ft>e 35 90 an far ever. This 
number COO |>e shown with a 
dot above the repeating 
nkumfrer, like this 0 - 3 - Jfs 

C^iilec F zera point tl'iree 
recurrii*/. 



A recipe ratio 

katias are often used oh food 
or drink labels 




Ml X 1 part cwxentrated fruit 
juice with 5 parts wcitef. 



Gel the point? 

Parti of numbers can be written a 5 decimals 35 well 
a i fractions, using a dot called a decimal point For 
example, 0.1 represents a tenth, or the fraction- Each 
position after a decimal point is called a decimal place (d.p.J 
The first position after the point represents tenths. The 
second position represents hundredths - and so on 




As a fraction, this number would be written 



1489 

10000 ' 



To multiply a decimal by 10. shift each digit across one 
column to the left So, 0.1489 becomes 1489 To divide 
0.1489 by 10 shift each digit one place to the right, and 
introduce a ^ero. So. 0.1489 becomes 0.01489. 



Comparing stuff 

Fractions can be used to compare different amounts 
of things. Another way of doing this is with a pair of 
numbers called a ratio For example, imagine you and a 
friend did a job. but you think you did more work,.. 

Jf jdlj worked three ti nws h express this in fraction* 

05 hard as vour friend!, jfQU you'd say he dhd T of the work 




wH AT ARE NUMBERS? 



All about % 



Al] the AJne 



The symbol %. or percent, means per 100'. or but of 
100' A percentage is a kind of fraction that people use 
for all sorts of things, from exam results and savings 
rates to sale prices and measurements. 

for example, if 35 out of 100 wall tiles are green, 
you can say that wk or 35%. are green. 




Sometimes two numbers com 
I rak different when the/re 
actual/ just different ^qysd' 
describing the Same thing. 

Haw 0i4J£h af th*5 cinrie is Nut? 




Theifl are all’ connect viays ta 
answer the question 



You can use percentages to describe any fraction You 
just need to convert the fraction so that it has 
a denominator of 100. 




Ffaclfofr* lo 



Volt can change an^ fraction 
into a pwMntfl^e - just 
mufiipfyfr/ 10=0 

b mite jTj as a percentage: 

so * [ W ~ \tt x i 
_ M 

id 

3flO-rT0=30,»^f£ 30% 




0*1 *■ Ui^ij fa ?r j* i tv&tV mijkiLi 

redtand^ have : f fivers 1 00 sfudenf? 



I - if fkprg wfjre s L fflyVfif 

cf ^0 d'^deM./^ f h 

^vfi 100 iri 



£ If 4 un fifletv c\&H haw ft d hair. 

UvGia ItvE tottfi' hvWilitf □{ Ff^^eid^ 

■.vt-.-ild bp 4 ic "5 1 iwbi/:k i £ £0 



3. StHLfi p of 
redheddc 5m frW 
•KlOtuf «f 100. or 30% 



levy 

Using Sractiara af ^00 Hue 
been common since Raman 
i'mpj. Raman Emperor 
Augustus introduced a to* af 
Mntsff/jfnfl rtTiLrm veno/ruvn 
which meant ^ or 1^, Oft all 
goads sold at auction. 

This is nothing compared 
ta modern auction tauses; 
which can charge the seJIff 
LLi much qs T S% far ever} 
bt soti 
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WHAT ARE NUMBERS? 



or*r t order* 

Mathematicians sometimes 
tafk draut orders trf 
nugiritutk This if a way af 

comparing thesi?e of 

numbers. For example- ODD 
is -one ordef of magnitude 
bigger than 1 00. 10,l2fi0 is 
throe orders af magnitude 
bigger than SO. Ever? extra 
zero nrtnns one extra order 
af magnitude 



Rack kestrel 33cm tali 




Eienhant 3.3m tail 

3.3m - 330cm (see page 31) 



330cm is one order of 
magnitude bigger than 33tm 

I Uf 0 

power* ^ 

Ak-.-lj rtumirer raided to tke 
pwfr I pimply awf 

af ^Mr^ber' 

^o, for eFfl#np 1 lfl, « b 

nwraber fe fiii po«rfr 
- 1 Wopjvgf a (fAzhov, af 
■ Neff. k*iow* AS a 
For esAwple, ■ ” 

Any iflMmber rfliffd +o 
fkfi papier it-YO PnfAn^r ‘om* 
^Pupf of ^ kaf *.u mb+T 

divided by, ifreil' Tke 

infweK ■•$ alwnyff i. for 
(MlmpIfE, 6° - I 



Super powers 

One of the quickest way; to make a small number grow 
into a really big number is by using powers 

Raising a number to the powers, for example, means 
multiplying the number by itself This is also called 
squaring the number If you raise 2 to the power 2, you 
get two squared, which can be written like this- 2 tl 



This is tal^d the base it's 

the number that wi(F be 
multiplied by itself. 



2 



^--This is toted the power, or 
, Jnsfcjt it tells yuu haw ma^ 
bis af the base to multi pl^ 
together. - 



The answer: 4. is called a square number 

If you raise a number to the powers, you multiply 
it by itself then by itself again. This is called cubing and 
creates a cube number Tor example, 2' 5 is 2 x 2 x 2 8. 




' 4 if a sqwflrj ^ 

nuimbtr Tetany ^,pi* 

ct irt u?e fovir 

fp *f.iste PKfi 
y big square . 



f I uup y 

fogeftar a 

l a -^qviAre k\WTyibcr y 



powerful stuff 



You can raise a number to any power When numbers 
are written using a base and a power its known as 
index form. Its a useful shorthand for writing out 
very big numbers For example K to the power 6 is 
8x8x8x8xf!x8 262.144. Rut its much neater to write S h 



WHAT ARK KUMBKRS? 



Powers of 10 

Really big numbers are often written in standard index 
form, which means the base number is 10. For example, 
you can write 2.310.000 as 2.31 xt0 fi . Each extra 
power of 10 increases the index by one. and moves 
each digit one place to the left. 

Scientists use standard index form to help them 
deal with vast numbers - such as estimating the 
number of stars in space (roughly 5 x tO a3 J, or the 
number of molecules in a teaspoon of water 
(roughly 1.65 x IQ 23 ), 




Gelling 1° Ihe rool 



The opposite of squaring a number Is finding its 
square root This is a number that you can multiply 
by itself to equal the original number The square root 
symbol is The square root of 9 r for example, is 3 
This is because if you multiply 3 by itsel f it equals 9 
You can also find cube roots, \f~ . A cube root is 
a number that can be cubed to equal the original 
number ^27 3. because 3x3x3 27. You can also 

have V~. VT '</— — or any other root. 



Tiliy a.hd huge 

Scientists often need to 
use very hrge or very snwlt 
number S- ftr write theta, they 
ui-e Standard indfejS farm. 

To write cl really trny 
number; they use negative 
powers at 1 0 Fur example, 

{).00Z becotasSi Z K 1 D - " 1 

O.EJ'DCODOO'OGO^ becomEF 
6 k 10 11 (The rcegotive power 
i motor lelisyou the position 
□f the number ir> d.p.j 

describe iarge number*, 
you can use namss os *iell o.s 
i-^n^M - form, for example: 

ftdedflion- ?0 j3 
ft vigmtiJlion - 1 0 L : 
ft googo^ - 10“ 
ft gcxj^pipleji = 1 G 1 * 3 
WrittEn in furJ, □ qoogolplex 

riOLald be o one followed by a 
yGOquI zeroes - a number SO 
long tberc’i nat Enough paper 
in "He world to wirte it on, 
even iri the tiniest writiiig. 



TuJO 

folufion^T 

If you; ir>j|r.p|y IwO 
Hwmberr looker, Hkey 

4 pncitsve ipn-u ,™\yer Ttii^ 
p*eAin£ A hAmber fUn kflVE 
IwO di ffn-Ciot si^A iiKE foci?. 

Ftjf example, 

-wt? « A 5jj Hi* ^tn^er fa 
Ike C]^e$ihoin 'wkikt nmM^er 
wkein f^wAred. 4?' '<£ ±i. 




wHAT ARE NUMBERS? 



All feints of numbers 



Some kind's of numbers are useful for describing things in the world Some are 
useful to help solve maths problems And some are ideas that mathematicians 
have invented. Here's a reminder of some common kinds of numbers, and an 
introduction to some of the weirder ones. 





Negative nv Risers 

Nttjrttiw huiftbers are numbers 
leSS tharii zero- 

l 



Natural huint^r s 

numbers are «N4e number* 
greater than zero. iSome avatbematitionE 
argue that zero U a natural number, too, 
but mast feef that it doe^n'l: count.) 



positive hum feel's 

fcfijt iU-h numbers are any 
numbers greater than zero. 




IrY'&cX ions 



Fractions art parti of whole numbers. 

If a number ii made up a f a whale number 
and a fraction* it's called a muted r jrnbr ■ 



Fractions ami muted rugmbers can be written 
as decimals, usi-ug a decimal point 



RaploftaJ nvtnjaers 

tin? number that fun be mritten w a 
fraction is knuvn as n rational Hunter 



lrrationa] humfeerr 



7 

■+ 





Some rsumben cun h t be written as 
fractions or ratios, so theyVc known 
as riTationd nunirtfS. They cant zvm 
be- wr.ttcn exactly os dccimds, 
because they'd r^d tin infinite 
nu??ibrr of decimal places. 



because it can also be expressed ol a rati a. 
Whde number? can be written as fractions 
antf ralios toe, so they’re mended- 
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perfect hUMiser* 

Some numbers bm$ e spetid 
■pioptf Cy. | f vtkj take all ttiL number 's 
factors (except for tite number itself), 
you find that ibej *wid up to make 
that ikjmfcflr. T he foctiarj of 4 ore 
1.2,3 and &. 1 +2 + 3i - 6, So 6 is a 
perfect humber. The next perfect 
number is Iff. So far, perfect 
lumbers have been found. 



Factors primes 

factors are whole numbers that divide 
ejroriJy into a hole number. 

Son** numbers only have two 

factors, themselves and 1. 

These ore caJled prime numbers. 

^^-fVfrw numbers 

11 12 13 14 15 

— H I 1 1 t- 




Ijifihily 



If jmu could k*sp counting forewer 
w*i ever, you would hever finish, The 
word that expresses this i<fea is infinity. ■ - 



16 17 18 19 20 21 22 oo 

— 1 — i — \ — I — I — i — t > 



Real frlttiktTC 

fed numbers are dl t to points on tile 
number - a ne. ftny pcs itian you car. point to 
represents a reai number Ibey can f>e 
posit- me or negative, fira* lions - or detimoii, 
they indwde ztio, rationd ahd even 
rratianol nurracrS. 




Imaginary ji-a misers 

If you multiply two negative numbers tagettor- you 
always create a positive number. This means that no 
nego-tfre numbers have o red square root 

Bu( mathematicians decided to 
invent a new k;nd oi .number based on 
finding V ' i which s represented 
by the symbol i These numbers; c 
cdlea imogfnory numbers. IHike 
■any reaf number, you won't find 
imaginary numbers on the 
number line. 
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Pari V- 

Exploring the Mnhuown 




Some maths problems are all about finding an unknown 
number Because the number is unknown, ft can't be described 
using digits, so mathematics ana use a letter or symbol instead, 
Sometimes the problem can be solved by trying out different 
numbers in place of the symbol - such as when a coach 
substitutes a player in a sports match This is one simple 
example of a kind of maths called algebra 



Even better than finding a missing number algebra can help 
you find a general rule or formula that will explain what the 
answer is - not just to a single problem, but to a whole range 
of problems. Its also good for drawing pictures, called graphs 
that make solutions dear and visible. 




EJrpLoUWG IKK unknown 





Tile fiYti SytaM 

Qnc of the first 
mathematicians to umj a 
Symbol to represent unknown 
nymbfirs ms Dipphanius of 

iMexondr-a i^n the 3rd tentu*?. 

Diophahtui used 
the symfchji Q 



The Missing nuMkef 

(□*5) -5- 3 = 10 or (? x 5) + 3 = 10 

Whot’s the missing number? 

In the questions above, the mining number is 
represented by the symbol LJ or?. 

Any symbol will do. although in 
algebra, you normally use a 
letter - often an X. 

You might write the 
problem above like this: 

(5xX) + 3 = 10 





Celebrity 

humfcer 



Jn 16^7, French 
mathematician fierH? 
tfejeart^i wrote a book <sn 
arithnietie* including al gefrre. 
He picked the letters i? y 
and z to represent 
unknown quantities. 

The Jtpry gees that 
Descartes' printer had rots 
af spare as. so ha askn: 
Descortfi^ if he could u$e f. 
more often than y end z* 



In a maths test, you might be asked to work out what X 
is. This means what number Could you substitute 
forx so that the calculation still works?' 



Making life easier 

Doing maths with letters as well as numbers might 
seem a bit odd at first, but its often easier than it looks 



That's because much of algebra is really just about 
shuffling and rearranging words and numbers into 
much simpler clearer statements. 




■Tk e X = 6 



EXPLORING 7HE uNTttfowtf 



WJieU do you u Se aj^ekl*a? 

Although you may not realise it, you use algebra 
all the time in maths — for instance when using any 
kind of formula, such as the formula for finding the 
area or volume of a shape 




Ticfyiiig up 

Long sentences in algebra can take up lots of space 
But there are u/ays to tidy them up. For example. 





3 x n ketones 

X uu X k bf£f>ma£ Lwh 




Another bandy tip is to 
group quantities of the 
same letter together 



TJle hean I Ji£ 
of aJgeBra. 

1,2.00 yeors tigo ^rah 
nua^henwiticran Muhammad Jbn 
HuSa d-ffliwonzmi wrote ana 
srf the first hnokj afcouL dgefrrti- 
it was raiJtHj tfrjtffc d~jebt 
m3 V -mittfabala - meaning 
calculating b* restor alien ana 
balancing’. 

to hen translated into latin, 
the i«ard ofycbr - mEunmg 
restoration? - 




Af^elsios 

witkouf X 

Af^ebra pnebkmS de^'f 
a liAW m 
fher* ih retf? 

fiklrie,^, ofhtr lifffinj s\ft- 

of{e.v\ u £ed. 

for m iS. probk-Ki 

S fAr ■ 5 

for fhe ^pr-cd of fbe Car 
d for Hue di^fflndlp if 

jCI hnd f for fke fW 

ii FhOV£. 

Ttv^^e letters can c?e 
combined to create the 
formuffl: 

d 

It ™e&ris 'spfied et^iAk 

difhlnM dl^id^d b\j fime‘. 
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exploring Wkyowy 



al 

algorithm 

Arab ScHdIg-: a] Khwarizmi's 
btrak, on algebra wai juzii □ 
bit in m=d evaf curnpe, that 
bis name CGiue to be h$$d 
far any general Set wf rules 
far solving a matliS prablem. 
In l rHjJijri. it gave lie the 
word algorithm 

An. algorithm is □ set of 
instructions th at gives o 
specific resi,di- ?be torn* 
is olten used ih computer 
pr-K^om^Ti -ng, bus it 
fon describe .wtof 
instructions, for instance the 
Steps needed to laid paper 
into g plane. 










wriliiig a]gefcr^ 

Statements in algebra can be broken down 
into smaller parts, called terms 
and expressions 

A term is made of numbers and letters 
multiplied together such as 5x 4y or I8z 
When terms are joined with + or - . 
this is called an expression, such as 
3i + 4y. or 3x - Ifiz 

Some expressions are so neat and 
compressed they need unpicking, 
or expanding Here's a compressed 
expression: 3(x i yl. Expanded, the 
expression looks like this- 3x + 3y 
Either way. this expression can be 
used to describe the area of a rectangle 
that has a width of 3 and a length of x + y 




t 

? 

* 1 

4 X ■ ► 



Area 


AftrS 


A 


& 



-* -x- y V 



f\rm - 3(x + y) 



Area A - 3x 
Area B - 3y 

Total area = 3x + 3y 



Tou can susbstitute numbers for x and y to find out the 
area of a real rectangle. For example, if x 5 and y = 6: 

3(x + y) becomes 3 X (5 + 6) = 3 X 11 
or (3x5) + (3x6)^= 15 + 18 

Either way the answer is 33 



3a 







EJf FLORIN® TH£ UNKNOWN 



tile point of expressions? 

Creating terms and building up expressions is useful 
for doing long sums that don't involve number* He res 
an example. 

The Oakley family go to a cafe arid order their 
drinks in turn: coffee, tea, hot chocolate, coffee, hot 
chocolate, One child then changes her order from hot 
chocolate to milk, and another from tea to milk. 

The waitress writes in her notebook 



m 




7W? qtp rJ 

rL .fflS A L'fi.j * hr™ kc? 

imp 1 !' V lji p I press 

TT*i£ iwi II *>.? Ip -yrfSM fi*id fF.t 
fo fats bf £|wefilci«n^ 

A K A " A * 'fl ftptdrlj*. 

K ,'J. ■ bill fl' 



C+T+H+C+H-H+M-T+M 




Each item costs a certain amount of money Sut rather 
than writing out the prices on the bill, the waitress 
simply writes 

£C + H + m 

She has grouped all the like terms together When 
Mrs. Oakley goes to pay the cashier simply substitutes 
the correct price for each letter 

This is what algebra Is about - simplifying things 



- 24 j J? 



Ttvi nM«nbftr 

ttar H,i -Iff far* 



3 - A * M 
a' <* A K a n A 

* A 



Add \u 



pi-Hv^K-7 



X T y % 

h algebrdr *X* is often s-ism for 
the flfit unknown \n o problem ft 
a pmbierri aWa<fy has an X, y iJ 
L^ed Fur tte next ijntotwr*, 
then z. 
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E-VPLORItfG THE UjJ^f/owhT 




Simple sukstihilion 



Lota of math* problems can be solved using a Formula 
You may remember the Formula for working out $ peed 



(see page 31) 



speed - distance divided by time, or £ = | 



If you know the distance and time, you can work out the 
Speed. Here* an example; 

jf Jqmes runs 1 00 metres in 1 6 seconds, haw fast does he run? 
Substitute 100 for d, arid 16 for t into the farmuia $ = ~ and you get: 
s = = £25 metres per second. 




Wo mflfhr HMfU&i nLtiyrber S+4rf -^ifh, fhfi 
anSw er is xf/w^yS 2. B^f kow does fhs 
Algebra kas fke nv\^2f 
TkiS is wjkat happens whew you: foflfrw 
the LwSfrmCfiowS: 



t. Think of a number: n 

t Double iti 2n 

3. Add 6s 2n + 6 



5, PivkKe by 3; (3n +■ -=- 3 ~ n * l 

6. Joke away the first nun*ber (n): n + 1 - n 

-1 



4, Add the first number (n): 3n + 6 

A ff that's feff is 2, wo wkfit i 



Fiber w is. 






KJfFLoRii/e uWttWowiv 



Doing algebra usually means turning problems into 
equations An equation is a mathematical sentence that 
tells you that two expressions have the same value. 

For example. 5x - 3cc ■ 6. 

To find the answer you have to solve the equation 
- which means finding the missing value, x Sometimes, 
its quickest to try different numbers fori Other times, 
its easier to rearrange the equation. (You can find out 
how to do this, and see the answer on page 36 ) 



turning vrovds into m&tJis 

The best way to start turning a problem into an 
equation is to set out what you know as simple 
mathematical statements. For example, Arthur Fred 
and Qllie buy two balloons each at a fair Afterwards, 
the balloon man has eight balloons left, but how 
many did he start with? 

You could draw a picture 
and count the balloons, 
but it might be quicker 
to use algebra 

Substitute x for the nu 
ol balloons the man started with We know that 
a) each boy buys 2 balloons, making 6 balloons in total, 
bl x minus 6 leaves 8 balloons. 

Putting this into algebra gives: x - 6 = 8 

so i = 14 

Word problems should always have word solutions. 
So Lhe final answer is: 

the man started with fourteen balloons. 




i 

Tin? 

algebra problems 
iji the ■world 

^rOUTO 5,500 /flfUT 
ftnr-str! E^ptlons showed 
huw td Solve prabierm about 
unknown quantities they 
called 'hcap^'. 

These pfobfems have 
Survived \ft a icroJI known 
u5 the fthsftd Papyrus - the 
aidast tTiaths book in l he 
world, Here J s one of the 
ptfdr&fns 

.{{hind Popyrm; problem H 
wtiat is the udue of a heap, 
if the heap and u StYehtll of 
the heap is 19? 







m 

a 



1 heap - 1 6 



f 
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stcl 

ftlgsbra mentor al- Khwarizmi 
assented algebra a* cokufatinq by 

‘restoration' ^nd Yeriuctiorf. 

For ol-KhwriajiH| restorathon 



Rearranging the equation 

Some equations are easy to solve by rearranging them, 
so that one letter is on one sidle of the equals sign, and 
everything else is on the other side 



meant keeping the equation 
bakrted by restoring or add ing 


Heres an example: 




the so *ne vdue to both sides 


5x = 3x + i 


So ft ^ £ - C becomes ft + C = t by 


Subtract $X from 


1 


adding C ta bath sides, 
fte^jctlon rr^ant keeping 


both SrdeSs giving: 


the baloatt: in m equation by 


Divide both sides 


2x =6 


reducing or subtracting the same 


1 


value from both sickt So ft - & + C 


by 2 1 giving: 


T 


toacomes ft - L - B fey Subtracting (. 
frtHfl both j i des. 




x-3 




Whenever you rearrange an equation, follow this 
golden rule whatever you do to one side of the 
equation, you must do to the other side. 

Seed problem 



Ckect 



your 

answer 




If vjOm flffbt AH 

fa ql-.gt:.L UiSMt MnfWfr, 

'■yri'.H i.ciri iTabs+itaF* d Wet 
i+ifo fiiE f ^UrtHom ■ 

f a* -EM^plf, 

J.I 4 6 it, .4 •■■■■■: i * fijvd 

tkd+ -t - 5 Gcf* H*ij wOri^ 

l/Jcff. K 5} + G - l& l£ 

£# File A r’ ■T-.-se-" 1 'j CorTtdf 



Jessie has a packet of 100 seeds, a mixture of beans, 
spinach and carrots. The packet says there are 20 more 
spinach seeds than beans, and twice as many carrot 
seeds as beans Rut how many of each seed are there? 

Heres a way to find the answer using algebra. 

If the number of bean seeds = b P 
the number of spinach seeds = b + ZO, 
and the number of carrot seeds - Zb 




Adding oil three makes TOO seeds, so b + b + ZO + Zb = 100 
First, cailect the like terms - 4b + ZO = TOO 
How, rearrange the equation; 4b = ®D 
fiearrange a-goin: b = ZO 



Use substitution to get the find answer 
there fire 20 bean seeds, 40 spinach 
seeds, and 40 carrot seeds. 
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Two -anftnowii^ 

Some equation,) have more than one unknown, and 
can even have more than one possible set of answers. 

For example, 2x + 3y = 6, 

One possible answer is' x 0 and y - 2, 

Another is x ■ 3 and y 0. 

Sita-allaheous equations 

Two separate equations that share unknown values are 
known as simultaneous equations. They are called 
simultaneous' because the equations have to be solved 
at the same time. Heres an example about birds 




All U^eUiet 1 how 

Jfm toord ilmultan*M.is rgrrtet from 
the Latin sifnui which rmfnns 'nt 
5lV3 same t.rr# 1 w 





Tree A 



A birdwatcher telfs you i-.fi has observed from 
counting the bird* 'u^ two tre£^: 

(1) If ont turd flies from free 5 to tree A, tW tree A 

wifi Uav£ twi Lf. AS bird 5 fr-fit ft. 

[2) if o^e bird flies from free A to tree ft, them both 

trees wi/l b^ve a™ g^iW number &f b'rd^, 
ftwt be doe£rs t tdf ^o^i bouj birds ^ere 1 in, e^cb 
tr« the sfflrt. 



Vom Utafd figure Hg? a ut faj irking fwo- f£p4flftah£; 

Lit frit A hfl*f x birds, d*d trie & lj birds- 




Tree B 



(l) fdlf us 1W X . I - 2{y - I) (2t i-cfFf US tU+ I - I - y * I 

Jftfwav* ttkfl bmsttts 1 to :^ct X. + I - 2t) - 2 Simplify fa gft I -j - ^ 

$ir*ykfij to I - 2 lj - 3 





^tSE icjuftti fi^7, tk* vflf«€ of L| Arid £, 

X - 3y ; - J Jnd x - ^ 4 a, 
y - 3 - 3 

tr 5 

No ^ « 5 n+ft fbl ecjudfaih X - 4 + ZL 

I - 5*3-7 



FW trit A started — -iN-. 7 Lsird^. hro 0 {farted wi+k bird?. 
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Fly ^21 the Cellirs^ 

<3ra|jll5 are hosed gn an 
id&o invented by the French 
mathematic iar. 3cm: 
Pescart#*. The jtary qae^ 
that, *h : le De&cqrtes was in 
bed one day, he nut iced <? fly 
nq Lcra^ tbs ceiling. 




Descartes thali^hl about nqwi 
to describe the c>:act pnsi tion 
of ths fly to another person. 
Mt come up ri tn che idea of 
gvinq its dTstofitt from fsxea 
horizontal and Vertical lines. 

He costed the ^-arizantal 
fine the T-a .<. 5 and the 
vertical lint the 
i hat’s why graphs have ah 
3 r-axi£ end n ^-ajfis. 



Dra'Wiji^ ecjualiojis 

Another way of looking at equations is to draw a 
picture of then], called a graph. Some equations form 
straight lines, others form curves. 



unchanging lines 

When an equation simply has x or y as a fixed number 
it produces a vertical or horizontal straight line 
For example, look at these two graphs: 



41 This q-nsph shows the equation X-l- 

Ever} paint on iHs I me 
bail the value X- I- 




This graph showi 
the equation y = a. 



iy) git u j) lyi 



[ 

\ Every pcwnt on 
ibid hht has the 
value y - 3. 



”T" 



x 



4 5 



Linear ec^-aations 

An equation that gives a simple link between x and y 
makes a straight, but sloping line For example y 2x - 1. 

To draw' this on a graph, start by drawing up a table, 
substituting different numbers for x to work out the 





ZXTLGMVG THE WJcHOWH 



Next. draw an x-axis and a y-axis and number (hem 
U>e each pair of values in the table as coordinates 
and mark (hem as crosses. Then, draw a line that runs 
through all the crosses. 




AJiy ojcf ] jjie 

An? straight line tan be written 
ai an itcwnthTn usihg letters Jib; 
this: y = rrnc * c. 




A simple curve 



Equations that contain an x 2 make a curve For 
example, here's what happens if you plot the graph 
of the equation y x 2 * x - 2 

Table nf solutions for 

y I^E - £ 



X 


-2 


-1 


0 


i 


2 


y • I* - x £ 


o' 

1— — J 


-2 


-i 


1 0 







An? equation that include* x\ 
and higher power of is 
Coiled a quadratic eguition. 
SnntE gf the first people 
to describe thi»*i were ta* 
MJfKtnrs in Ancient Sab^lon, 
The? us M them to caJcdhtft 
a certain proportion of the 
total urea of o ficfef. so the? 
to^ld charge farmery the ri^ht 
orriDunt nF ta;< 




X 




EXPLORING THE U’Uiitt'Owtf 



Re&] CuVVeS 



Scientbft often use equations and graphs to model 
real irhingi such as the flight path of a rocket or the 
shape made by a beam of light 



Rodfcet route 

The equation; 

h = -t 1 + 1 0t + 16 makes a 
pnrakrtn. This kind ptf ecpatian 
models the path af a rocket? 
where h deicribes haw hsgh 
the rocket is, and tstlnwS haw 
much time has passed since 
the rocket bunched. 




Movrno in a civclc 

The esquatiiiii X 1 + ^ ~ 4 mok^s n t irde. 




B of light 

The equation: 

^ - - i a broken 

pair of curves called a hyperbola 
This kind af graph models the 
shape mode by light shining from 
an overhead lamp. 

y 




bicycle wheei 




Spiral 

1 7tfrcentury mathematician 
Jakob iempuil: uncovered a 
comply eofu-ot.on that created 
a spsral matching the pattern 
an a snail shell: r = ae 11 ■ 




wiggly Sine graph. 



Waves of tfmijnf 



Sound travels through the air in a wave 
af pressure known as a sihE wave, Here’s an 
equation to drow a sine wave: y = ^in{lo:| 

A describes huw lacvl the sound is, cM 
k Ascribes its pitch, 
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Finding the answer 

with a graph 



Ton can use graphs to solve simultaneous equations. 

If you plot two simultaneous equations on the same 
graph, the point where they meet gives the solution 

Tommy tells Iona that two 
cakes need six eggs in total 
and one cake needs two 
more eggs than the other 
How many eggs does each 
cake need? 

Lets say x represents the number of eggs for one 
cake, and y represents the number of eggs for the other 
The two cakes together need 6 eggs, so x * y 6. 

And one cake needs two more eggs, so y = x + 2. 




i)x * ^ = & 
n^=T+i 



Plotted on a graph you get: 




i^“ ft pftiif o\ 







h tbem5eJwes h each ecfluatiori 
has ta i infinite number uf 
Solutions, lut there 1 !) only 
one solution that works for 
both equations 



-T n — i— -‘r-'T - 



-1-3. -I | 



f 3 3 4 s 6 7 s 



The two lines meet when x = 2 and y 4. So Iona 
needs two eggs for one cake and four for the other 



Usi&g graphs 

Graphs can be useful far aU 
sorb- at things, fawn converting 
n^wsurements to showing the 
sp e«i o f a journey, or even 
Studying haw well groceries in a 
supermarket sell. find* ant mar# 
m kart 4 of tfbs book. 



School ]ora Vftey 

ftiiiK- catches a bus to get 
bo School. This graph shows a 
typical: journey for thloe. 

D 



a 




£ u 15 ta yi 
T ifnE tahtf* 



A Walking 

6 Waiting for bus 

C On bus 

D Walking 

The slape of the line, ar 
groiiEfTt. represents the speed 
chiae is •nriavirrg ot each stage. 

Where the fine is horizontal, 
she is stasnding still. 

Where the gradient is greatest, 
her journey was quickest 
in this ease, while she was 
an the bus. 
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Drying a, 

The nu?nbFff L X £ h JO are 
the Atart of a jequsrKS 
tailed tHangMfar ficimbers- 
Voy CW Mt why the/re 
called triangular if you draw 
thejrai put using dots, 
like this; 

1 * 3 *\ 

6 * 10 *\ 

m + * * ■* 

t * • t 1 * « 

Tp feu. Id the nent triangle, you 
hQtfd ta add another row of 
dati The bottom raw always 
hpa one mpre dot than the 
fipw above. 

The first triangular 
number is 1 

The Secpnd it T t 2 = 3 
The third is I *2+5=6 

The fcKJi-tr. isl+Z + 3*4 = 10 

b find the fifth triangular 
number, ynu could stan with 
the fourth triangular number, 
tiier- add 5. This is the snrrn? o 5 
adding up all the numbers from 
1 to i 

1 + I * 3 +• 4 + 5 = 1 5, the 5th 
triangular number. 

7a fmd the 50th triangular 
number, add all the numbers 
from I ta 50 - or turn to pag? 
■i-S to find □ guidter way,.. 




Some patterns are easier to spot than others. 
Have a look at this sequence: 



Seeih? patterns 

Algebra is an excellent tool for 



describing patterns and relationships. 
A list of numbers that follows a 
pattern is called a sequence. 



The pattern is that each time 5 is added to get the next 
number Heres a trickier sequence: 



3 6 11 IS 27 38 51 



One way to find the pattern here is to look at which 
numbers are being added between the terms. In this 
example, each term is created by adding the next 
biggest odd number 



+3 +5 +7 +9 +11 +13 

3 ' Y ‘1 r' 18'27 ~*38 *'51 



Sequences don't have to be about numbers. Can 
you see what shape comes next in this sequence?* 




V2 



Ike r is e»i 93 



rJCpLORJWG 



Hint: try COM par 
f(v£ 

fkree limes ffilsic... 



a. rule 

Have a look at this sequence: 

1 9 7 10 13 16 19- 

This sequence starts at 1 and adds 5 each time 
The next number in the sequence will be 19 -i 3 22. 

But how do you work out the next term, or the 24th 
term, or any particular term - called the n th term, 
where n represents any position in the sequence? 

A quick way to answer this is to find an expression, 
or rule, that describes the sequence The pattern In this 
sequence is the three times (able minus 2 

The rule for this sequence is the nth term = 3n - 2. 
To find, say. the 24 |h: term, substitute 24 for n. 

This gives (3 x 24) -2 
- 72 - 2 = 70 

S^TjEtTe Jiulnter SeejueJitferf 

Some sequences have more complex rules. 

For example: 




+3 +5 

rv*9 * 



+7 +9 

16 “25. 



The difference between each term increases by 2 each 
time. So the next number in the sequence will be 
£5 + (9 + 2) = 36. 

To find the rule, you need to compare each term with 
its corresponding position in the sequence, 



Position I s 

Term 1 



4 4 



the n th term = n^ 



„th 

iiJi 




> 


* E Ack hrtn ^ !("■« 


Is: ' 


Square of if$ 
po^lfhDia i*i Hrf 





Drawing sequence* 

Vcw «sn plot cerms of n 
itiqutfxeenflgriiph- 

if the difference between eceh 
term t£ the same amount, the 
psinti iiiir fie on a straiglit fine: 

Graph of sequence t = 3n - 1 



15 

EG 

5 



X" 






>* 

- t i 



I 2 l 4 



if thu difference the 

terms increases each time, the 
points wiil Jie on o curve that 
gets iteeper and steeper: 



Graph of t = n ' 

f 

15- 
10 
5 

1^34 
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Ah e&saer way 
io awfef 

Fibonacci was the first person in 
£urap€ to writ* a maths book 
using H indu-Arabic numerals, Wff 
found them much easier to use 
than Roman numerate 
Ris rewtiftfetyani, 
published in 1 20 Zl periaadEsl 
other mathenwtkiares m Europe 
to tr/ them, These nunurtsk ore 
what people uJc today, 




Fitohaeri 
everywhere 

One amazing thing gliout the 
Fiboi*iai sequence is that it 
appears dl over the place in 
nature, far exampie, the 
humps on a pine cow fan out 
m spiral shapes that fdlow □ 

Fibonacci pattern 




The pi w cane h os S 
Spirds qa ng one way 
(marfced in yellow) and T 3 
the ocher (marked in 
bfuek S and 1 3 are 
consecutive numbers in 
the Fibonacci sequence. 



Fafitastitf FikoJi&tdi 

One famou* .sequence i* named after Italia n 
mathematician Leonardo Fibonacci, who 
wrote it down about 800 yean ago. The 
first two term* are 1 and 1 Then the L 
rule i* create the next term by adding 
the two previous terms together So, 
the number* grow rapidly 

Fikohaddi squares 

The Fibonacci sequence describe* certain 
aha pea, too. Look at this aet of aquare*: 




13 



!l a 

3 



A curlou* thing happen* if you draw a curved line 
through each square’ you create a .spiral. 

Many creature*. *uch 




a* -snail*. grow ahell* 
in atage* that follow 
the *ame pattern a* the 
Fibonacci *equence. and 
so end up in a spiral. 



\ 



E2 



\ 
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& \&^om 



C&r\ &&utf t?n€ of fke greafed - mafk^afidctos of khfl *8fh a hd I9fi-, £*hWie£ 
UJt^i Le wa? tiflfy fe^i ye^FT ofd, U ^ T*ld b ^bunded ki^ teackgr a^ef 
ciattn&ht i?y toeing wp wSdh a trJIi^Mf *eb W, b a <r.dfk? problem, 




Here's bw he did if. 




fke fff tk* cUtt fi.e 

of aHHih^ Mf dll ^kf riwmbfr^ 
ff'bwi D^e tp « Invirvdrfd Hp 
tkpwgkf tki^ i^Duifd fiptd tk-Ff* 

af feflSf kaff tin, kour 

fkjf iwi/kit'i irVjffi 
04lcSS Ud *k# tinfuXr 



I Fi^+, U footed rtf f^i4n f^n L r' ^Wiwiirf^. 



* 



* 



3 




10 i^ tk* n^.witrtr of det£ ^ 
triangle wifk vde^ ed A dots. Jkc 
rtk* fke fb fk* ^wr, 



I .M,4 



4 Ga^ ?Aw tkat 11 HCM Ltva -j'lrk 

side? of *, yo^i tflln put tao id^FitiCftf friAn^lef 
together to frtute a rctfan^ld w-tk 7id^ 
H^^Sur-1^^ 4 dbti uj-drt fltrtd 4 I I dotg It+’Pj 

3 The kpK of d^% ■ ^ fkf tec tangle i t 

4 * (4 i I). 

The ri'.Arr.bz-t b{ dbh m prtik ■■? 

i * 3 * 3 - A 

There rtre twc bd*gkf ir, the reetfl^Je, 

To 2 h (l < 2 + 1 # 4) ■ 4 ( (4 ■* l). 

Of, FSAfFUrt^fc^^ tkg 
(I * At 3 4 4) - +J4±!L 
2 




4 GrtMVj tkfw fvir'Mid thi^ imtci jK f\A* fbe 
«dd‘iy^ ^ a\\ thf WrnbitS fo- th* htrr 
1.3 + 3' m ■ nsb i l) 

2 



5 To fufvfi ^kff tertcher'c problem. , he 
Swbrhfwted IGD (at w. 
fo I + 2 + + 100 - 100 =. 101 - 5050 

2 
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Pari y 

Shape, Spade &.h<i 

Measurement 




Examining the size and shape of things Is very 
important In everyday life. For example, if a truck 
driver knows how tall and wide the truck is, she'll 
know whether it will fir under a low bridge 

Most objects, from a sleek sports car to an 
enormous blue whale, have uneven, irregular 
shapes - making them tricky to measure accurately 
But even Irregularly shaped objects can be broken 
down into regular shapes, which can be analysed 
following mathematical rules. 




SHAPE, SPACE AND MEASUREMENT 



GeaJnetfy 

i lie mathematics: af shapes- 
is calfed geometry which 
means Wkf measure' in 
Gft-frk, Ancient (keeks gave st 
this name because they used 
maths based an shapes tg help 
answer quMlions Such as 
4 hm b<g Is the £<*rth? s 




find gat ho* one mon 
calculated the circumference 
of the Earth, on page 63- 



Ijudicf* IfleMehlf 

Ancient Greek scholar hjc-’id i% 
kng^r3i as the fnthe* af geometry. 

He wrote a famous study of 
geometry, Btfuer} ti, around 2 ,300 
ymrS ago. In it. he exannned 
circles, triangles* awes a^d 
pyramids, os well as ratios and 
proportions. ft was used a5 a 
teiftbaak far mrar 2,000 years- 




Shape up 

All objects have size and shape whether they're as 
large as planets or as tiny as atom*. regular like boxes or 
irregular like hands 

Everything takes up apace, too. You can use words 
to define shape, and number* and measurements to 
describe an object* size, and how much space it take* up 



Fl&t shapes 

A flat drawing of a shape is called two-dimensional, or 
2D. because it has two dimensions: length and width 



ShdDdi with three or more 
sidei arc called polygons 



Nanogon 



\ 



\ 

J 



Shapes are regular f off th*i'r 
sides are the- fength, cmd 
nli 4 Hie angles mSi-dc are eguat 
I ke this .square. 






Any four-sided shape, 
regular or irregular, is 
it nllt;H n guadrilateraJ 



Triangle 



These are irregular 

quadrilaterals- 




Circles and avals oft mnde af Continuous curbed 
autfineS, Vbu could thinJk them □:? ane-s de-d 
shapes. Some mathematic ionj think the/ne 
actually ppl^jgftf with on infinity of S^drS wlirch 
tn y th ar give the appearance of a curve- 



SHAPE* SPACE AND MEASUREMENT 



Sojicf 

Solid shapes, such as balls 
or boxes, are described as 
three- dimensional, or 3D, 
They have length and width 
like 2D shapes, but they also 
have a third dimension - 
depth. Here are some 
common examples 



Lprajtb 






Rea] okjeds 




Truly 2D objects are very rare in the real 
world, as most things have thickness But 3D 
shapes are everywhere.. 




diMensien* 

Thii I nc has jus*- one dimension, 
uSudly written da X- 

X 

This- Squa re has two dimensions 
mya% written os X und y. 

y 

i 

This cube 

hos three 
dimensions: 
x, y and z. 

z J 1 



Although our diverse is 3D. 

peopfe have triad to 
imagine wfat It would be liko 
to ho.'vr more dimensions. 

In titc Jate 19tfi century 
British muthemflticlon ChoHe* 
Hinton imagined adding a 
fourth dimension to a rub* 1 , 
treating a jftiape he tolled a 
teSSerqct 

lt h s very hard to visuaJu-e a 
4D object in a JD warH. • h.s 
computer drowi ng of 0 
tesSfiract, olso knowi as a 
hryperLL.ih!', pletLtfeS =t as a rubr- 
trapped withsn a cube. 




SHAPE, SPACE AJJI> MEASUREMENT 



Measuring shapes 

Eeing able to measure flar and solid shapes, to find out their 
dimensions, mass and volume, can be incredibly useful 
Imagine you’re building a newr sports complex.. 




\hw muc+i pd in t w : lty&u 
need for the wafils^ VsJti 
m:ed to work out the area 
Urea of o rectan^e = I w 




Haw many bpcki will yau need ia 
build the outer wd hf fan need 
to work out the area oi e^ch 
wall If Et^ □ curved wail, it 
ma]ht be easier ta break .t 
up into smuNtif sections. 







How many txertiic machines 
do you ne*d? fan'll ne«t 
ta research which types 
of machines wiN be most 
popular, and measure hew 
many of them wi II fit into 
theqym. 




hr.}. I 



L.-r- l |_LB "I IT 



-rVI - - - VTTi: 



r 



Haw many cars con you fit 
in the car park? Worik out 
the total area of your car 
park* then divide by the 
amount af Space needed 
far each cor, including 
space tor access 




Haw much water will yau need 
to f il? the pool? W ark out the 
tfohime, or the Amount af 
jpace, inside the pod, 
Volume - ! w d 




Once you know the Volume of 
water, use a ratio ta work 
gut haw iiiuch chlorine you 
newt to add to it 



SHAPE, SPACE AND MEASUREMENT 



Useful units 



Mixed mtfaj\jrei 



Different things are measured using different unit) 

- for example length can be measured in metres (m) 
and centimetres (cm), and mass in kilograms (kg) and 
grams (gj. Each unit belongs to a certain type 
of measurement, so when you see it you know 
what's being measured 




Big ah</ Sinai] 



You can describe the same measurement in different 
ways. A plank [hats 150crr> long can also be said 
to have a length of 15m. or 0.0015km, or 1500mm. 
These numbers all describe the same length, although 




Lidjkt mfive? > 

Quietly H.ftf iirt )n( yfiflr, 

■i wifi travel over 9 k I0 ! - 
melres, ar 9 peffimpire^ 



* Affine 4 ft \ 

inoreditfy ^mofl Tie 
Smallest fltom? tAcL 
jn 4 + 62 xIO-'im acroff ft '5 
eeper fa iaij the^ ere 62 
y picomefre? wide. . 



r A is a vtnd or ' 

tOmp«fer memory A new 
pbp U*e 4 terries 

of memory - Hxnf'S / 

4 » 10 Q 



the last two are so unwieldy you probably wouldn't 
use them. Different orders of magnitude (see page 
24) suit different units Some things are so very big 
or small that special units have been 
invented to describe them 



The rtiEtr in i>Ttem dates from 

1799- It uies units suchos 
^ kg, cm and m. 

Sorne CDUJTtrifti use another 

system of measurement colled 

the tonpariad sjnstem. This gets its 
name from the British Empire, 
and nos origindly created 
to Standardize interns of 
mcaiurejnent across thetn^ir*. 
£ut it's not Kand'and between 
differmt type:? of meai4jremsn t... 



There or e T ■bO UVftf 
in li pound, 

} i- ; :cjndi 
in a itOHf. 
and IjUnthes 
in a feat. 



Uhl^Ue unit 

A 5 moot is <1 unit of length 
named after Oliver R, Wat. 
'T srtHX?l ? is the tength af 
Oliver's body, which his 
urntferjity friL'rvJ.5 used - to 
measure the Imqth af 
HarvdlVJ Sn-Lrge n Bostun 
The bridge was megsurad 
as srrxKltS long, which 
£S actually 6 JO. 1m 




■ 1 smnot 



C m a n c ckni: aJ ly. Smoot lotH:' 
became hcod of the American 
Rational Standards initiate, 
whith makes drcispans an 
units nrxf measurement 
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Fa if guess 



Climating Me^^ureJ^ehts 












Fai:r£ and cam Vais of teh hoid 
competitions baicd on 
estimating; measurements. 
hr e Simple, how many 
sweets are in ibis jor ? Here’s 
q t: p: cQLtiTL the Sweets oh 
ihe fxj-itc-rn layer ! hen count 

the number &f foyers. 
Multiplying these 
numbers will get 
you pretty cfose 
to the real answer. 

So k>ng as there 
□rent any huge 
jawbreakers hiding 
in the middle- 



Flock* 

£ ■rdriGtchars o^ten hk 
couht the number 
a flock This : ' 

especially if the bi-rdi keep 
moving. The best way is to 
count a smalL group of birrfs 
m on riMKjinary block Then 
estimate how -many times 
rh ? bbik shops fi + j nto the 
whole flock 



If you know how long it takes to walk a typical journey, 
say from your house to a friends house, you can use this 
estimate how long another walk would take. 

>nt forget that in real life no two walks arc the same, 
need to account for extra variables in your 
Tor example, another journey might go up a 
steep hill, or you might fed tired that day Eul an estimate 
can still be a useful rough guide 



h get a marc accurate result, 
you could do the same thing 
twfr or three time?, and work 
out the average. 



5hcrk .dlup [stop to buj 
Lroa Li, 4ldd Z JTiirts] 



httisfrfrun 

1 min) 



Rea] worW estimates 



5teep hill 
(odd 3 mini) 



Mutt u.-id red route both = 1 km 



Knowing simple maths about shapes can help you 
make quick calculations about crowds. For example, 
imagine you see a squadron of alien invaders pouring 
out of a spaceship, and you want to work 
out how many alien soldiers 
there are. 



fliiyq round 
[mrat friends, 
odd 1 Q Primf) 



llyj di'tirtf of e- Standing ill 0 
tDughly rectangular-shaped group, 
you could calculate t3be area of 
the rectangle. 

Sr ca - width i kngtji 

5 dimS vThdc- and & aliens d“Hp 
givnS ctfc iitihhj Led Lolul of 30 
Thetc are otcuaky 2 extra. smaller 
■aliens squished in there sa the 
*ed total is 32. 



bhg 



lime- to walk blue route =23 tnim f tnf ^ walk *ed r uute - T 3 mins 
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PaeJjing -up pu^lje 

Packing shapes neatly into a box is a kind oF maths 
problem. Hundreds of yean ago. people in China 
turned this sort of shape problem into a purple 
known as a tang ram. 

1^^^ * rtiwtiniltion C-ikn 1^.4 ■?££ l.b-Ai fa iKP Sewn 

of seven ^kapes. called t<sjin7 L 
rn^i of a 



{Tl,? a^S^r 17 on pri^e 93.) 






RiXchen %-aesses 

Recipes cdten iist precise 
□maunti of each ingredient, 
usuafy in units Bf Height &ut 
experienced cooks know hem 
riuudl 'Space a particular Height 
cjf f Jour ar butter ixSfTmaJI^ 
takes up, SO they enrr estimate 
the quantity Hithaut using a 
set &f stoics. 



problem 

if poF &F lau([ £.ov£r ^ki of 60m“^, how «vi£i L-nj pof^ «dl( ifif-sd Fa ptfimf flkif 

r'i-thv.? Tom d*h'F infiftd lo pflW thg flDOT'. tflifil'Uj, deeir ij-r ujiindduu. 



Wall h - iduK 3m = 3Cirr 
Wn|l J - T 5m Sjti = 45n^ 
"Wall C - 1 Urn t 3n> = 3-Dnr 
Ufall D - 1 Sm i 3m = 4r5m z 
SitD! - 1 m k 2 m - 2 m z 
rt'inrorf = 2jt\* Zm - 

£>fld CdLulflHbn: 

Walls A * (. - 2[T Qm s 3n>) = 

Walls & +■ D = Z[1 Sni j! 3 iti) - ? 0m J ' 

■Olci wall (irec - 1 ■•CIt-' 

T 5Cm z - (fiMr + wihdw*) 

15 W - {^U^] = HW 
14 'fiOm 2 - Z.4 

; 

YdM r.eed J. .4 p*fr . 7* ' 1 1 need 

I* buy '3 pots *f p^.^r (A^d ’go-i 
sktJtf Lw? Q.£ of a joi taff * ver 

Fa fiK dhy 




nr 

mem fa 






ivefy . ror a itagf. 

yOn CC^a-A MLiOfit em-hI Flkg Lir^ of ^kc 
uiflN 4i*.d mJtlpjy ty £. 




4 * ( 3 m i 1 5 m] - 130 m 1 
1 SI) - {rliiL¥ + winiio^f 

180-iV+Wh ITiln- 5 
E7'W + ^m z =I.O 

) 

kk-sS m-fJkod gi-4 I! 

dbamt 5.9 pais, 7 * ycn/fl need fa b^y. 
3- pels of pdiirit - Li.t\i i’ll-, i-j: i^otTrecd 
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for faFtaeFJ 

Some of iha first ptople to 

Studs' qrriE$ wenr formers ih 
^cient kgypt end Bo^loma 

They found ij Jink the 

circumference and diameter 
of circles, and eakutated 
it as about ~ (11 k] or ^j- 

nm 

TPiey used 1 this tn figure 
put ho* much of a particular 
crop *euJd grow in their 
tirtulof fields. 




Jl orT ? 

71 represents the number that 
define* the relationship between 
Q circles circumference and i ts 
dtatoater. A numh^ called tau 
[t] defines the link hefwrfn 
circumference and rodiui- 

xtehl I , or about 4.2 & 

T can be mare useful than ,t. far 
ejiampfe the circumference of a 
circle is defined b* the- formula 
Zi ,1 x radius, bui ;'t s s quicker to 
say circumference - T v radius. 



Going in drdes 

Circles are everywhere. 




Because circles are so common, mathematicians have 
spent thousands of years studying them. They've cut 
them up and named different lines and slices. 




Mo matter how big or how small a circle is. if you 
divide its circumference by its diameter you always get 
the same number Its known as pi or by the symbol 
jT - a name given to it by the Ancient Greeks It's an 
irrational number usually rounded 
off to 3.14. 

h Zflt t, a supercomputer 
in Tokyo calculated Jl to 
a billion decimal places. 
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^eletrily HuJnker: :i 



ArdiimWe^ an 4 71 





Ancient Greek mathematician Archimedes used rt to 
work out properties of cylinders and spheres. 



Surface area of a cylinder = Ixr 1 + Ifirt 

Volume of a cylinder = TTrU 

Surface area of a sphere = 

Volume af a sphere = “Tir 5 
a 



x turns up in lots of 
definitions about circles 



For d long time 7T was known 
□S Archimedes* constanti norncq 
after Ancient (iretfk genius 
Anrhin^de*. He figured out on 
accurate wcy to estiTiate the 
Varue of JT aver Z JOQ 1 years ago. 



£ut hewor* 1 , JT k irrational and can't be written as m cjoct 
number, $0 any maths dohr using 7T, ii ardy ever OH approximation 





turning around 

Circles Kelp describe (urns, or angles, 
inside shapes. The amount of turn b 
measured in degrees. Turning around 
in a full circle is defined as 
360 degrees or 360 ^. 



ftni Eaft describe a turn or angle 
as a fraction of a full circle. Some 
■angles have particular n*m*5: 



V- 



Less than 90 More than 90 degree 
degrees: qn IdSS than T 0 0 degrees 

acute angle an obtuse qrvji^ 



I'fere than ! SO 

Agrees- a 
reffcu angle 



Exactly 90 
degrees^ 
right frnglr 



We calculated the area of both 

pDly^ans, and used these to 

estimate the area of the circle 

Then he worked out ZI using the 

formula XT - i . 
r 

Archimedes calculated ^ as 
3- H 1 05. Wudrm .calculators 
round it off to 3.1 4 1 5^2£53 - 
So he wasn't far off 
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Thales ajid 
pyramids 

T Holes was an Anc ient track 
philosopher who lived about 
2 1 £QG jkjtirj &p. He wanted! cn 
know how llpgh □ pyramid was, 
but it was too tad to 
nwiftifi easily. 



Tricfcs -v/ilh tri&iigleS 

Triangle? are three -sided shape? and get their name 
from the fact that they contain three angle?. The branch 
of mathematic? that deal? with angle? and triangle? i? 
called trigonometry Its al?o used to Study shapes with 
curve?, such as circles and waves 




wfc alette the pyramid's height 
he measured its shadow at that 
Same time of day, 



isosceles, scalene and right-angled, Whatever the type 
of triangle, it? angle? always add up to ISO 0 

Triangles can form different kinds of 3D solids, 
including triangle-based pyramid?, square -based 
pyramid? and triangular prisms, 



Equilateral triangle - three 
equal snies &4 mqks — - 



JsflfteleS ~.n angle — t^o equa> 
sMflJ and tm equal aretfes 



He Saw that at □ ctftdlh bme 
of riuy the length of his shadow 
e^uailed hss awn taighrt. Six to 



Triangle k^sicis 

There are four main type* of triangle: equilateral, 




TfoJufne of any pyramid - 

-j % base area t perpendtudar height 



Volume of triangular prism 
- nreo of triangle x length 
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Coh strutting a triangle 

Its easy to draw a triangle If you know how long all 
three sides are. Hut you can also construct a triangle 
if you know the length of two sides and the angle 



between them: 

I Draw tmf bf s.der 

2. Msf A ptttacfor to tkh’ 

tiAbuJiA sf bw£ fimd 

1. Qr&w Ike otke*' kriGwri ^de ^ 
direction of fkif \t 

4 CeH+ieei bulk f& far** 
fke firtflf 

Or if you know one side and 

! DfrtMji fke hmnwin ^ide 

2. 'kAge* proh^dw fo ™srt F ke 
trt&iwiA HbT.f|i |-;C ai esek ewd 

1, Draw soM-id fines itn fkt dirts how 

of balk 

4 Tkt liwtS uji|l at ike Anal 

i '-bfftff b( tkfi friaftcjk. 





Map a location with triafigulalioft 

Surveyors calculate the lengths and angles of triangles 
to draw more accurate maps a process known as 
tri angulation. Heres how it works: 



The surveyors choose three fondmorb. After measuring one distance ei*d 
two- angles, they Ean plot triangle and edentate the remaining distances, 
fhon they pick a new landmark and create □ new tri-angle in the Same way 
" until theyVe mopped out a whole area 



Triangle theorem 

Ohc of Lhe mast famous triangle 
facts is about riqht“flngled 
tnangfes. Jt show 5 how the lengths 
of the three sides are related. 




In FuropCn the theorem is named 
after Ancient Greek mothematicran 
Pythagoras. Ife pwed it about 
2,500 years ago. In China, it's named 
after mathematician Shang Goo* 
who came up with it independently 
about years ago- 



c^tdhing Gooffs 

Police officers janiertimes 
lacote criminals hy 
triangulating signais from 
their mobile phones. First, the 
phone company traces the 
phone's unique signal. Then, 
thgy find nut which three 
phone masts are nearest to 
that signal 



9 




The strength of the signal 
between each mast and 
the phone can pinpoint the 
phone’s eKnct location 



5-7 
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Coordinates 
in HD 

Tg plot a 3D shape on o gnc 
you need in use 3 axes: X. ^ 
ani: Z. And in locate each 
point on the shape, yc&i will' 
neftl ah X, ^ (ffid £ 
coordinate. 




Representing shapes 

Knowing how to draw shapes accurately a l lawa 
architects, artists and computer programmers to 
create images of 3D things - from cars to palaces to 
alien worlds. 

A designer has used 
camputer-gerwatea 
shapes tii buiid up n 
basic imagfe of a tar. This 
rnnlffiS it easy in make 
design dionges nnd see 
haw they might lank. 



When architects design a building, they begin by 
drawing a plan and elevations A plan shows the view 
of the building from above An elevation shows what it 




Super Scale 

To make a drawing of something 
big fi'l onto a sheet of paper, you 
■need to reduce nl» the dimensiens, 
by the same amount This is cttfkd 
drawing to scale 

This Pi important for creat: ng 
accurate mops. Maps have iitiie 
key* that eiplain the scale s45i ruj 
ratios, SO you Can figure out what 
a distance an. the map would 
be in real Uife. 




looks like from the front or the side 
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Side elevation 




Front elevertion 




An actual building* or a 3D 
mood, looks very different 
from its p£an ara elevations, 
Ih'5 h because you se* 
diffewt ports of it 
irom different 
points of view. 



Side view 



Sfi 
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Netting shapes 

1/ you cut along same of the edges of a 3D .shape, 
inch as a box. and unfold it out fiat, you'd make 
something called a net. See if you can march 
these nets to the 3D shapes be I o tv' 




MocfeJ Maths 

A 3D representation of an object is called a model. It 
might be the engine of a plane, a building, a sculpture 
or even a scene in a virtual reality game. 

Designers of computer games use mathematical 
programs to analyse elevations, plans and nets from 
illustrations or photographs. This information is then 
used to recreate objects as images on screen, 

Mathematical models can be perfect but they can 
only ever approximate things in the real world For 
example, a model of a brick wall might be perfectly 
smooth, but no brick wall is perfectly smooth in reality 
This is why some virtual reality images look very fake. 




dejetrrty 
huH*r 

Aneieht Scholars 
thought the most 
pieai ing rtciarMjlfl 1 won ar*l tJhdt 
hid a special ratio between its 
long ohd short sides. 

They called it the g»ld«n 
ratio, ond it rioj represented 
by the Gr«k letter <tv 
coifed phi. 

The ratio Hcti. popuJar with 
^rLi^ts ond architects. Like rt, 
is art irrational number, Its 
Va&UE is approximate 




h+t 

\ He ratio af 15 the some as 
the ratio- of A+&: A 



The golden ratio was us^d ta 
bu Id Sections cf the MosqLic 
of £/qba in North Africa; such 
ss the mmore I shown here 




*7Le i£ Dm p 93 . 
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Playing with shades 

When a shapes appearance b altered, it b said to have been been transformed 
Mathematical transformations include rotating, translating, enlarging and reflecting. 



4 pBIni, Af flnf of iff 

Corners. 

a raFaho* 





■ F up, do^iA. left DP* rigid J*f fizg 
A^d fffriJ fk* «rvL* 



A if ft frflhsWfttl 
Jeff 4md Hp 



Jv^i^d 



rgi.f dud up 



ElfrlWj(in^ 5*.i*sfJ.'»g *i£fln£ ekd^ifvg \U 

slfR in ndiriKoh Fo a fsed poi^f TT-.e Iteg'fli 

of rtfl +Ue fid*f imorWttfi 

fatfur. bn+ Fi.( *^l« fi*y \Ut f 4 r «4 

Tlvf facfar of i ntttm *5 Ail|<d Hif 
fuFl Utter A ftflJg fflc+pr *>f J 

rfwKflmf JEs* Tijfif rfNI d*ublr in tblf 



T 1 -.P br^ir buftirfly 

If 4*i emjA^g^nthrtf of 
Fiie red butterfly 
a $gaI* [actor of 2 . 



ft'f posfitle k enlarge' 

0 ':i.4p- big A i! fAC r iiu-,,0 1 

FacFw ft, if ij 1 wl| 

do^trt i*i fJifl. 




T^i red tafterffy if 0 , 

rra^fiOHfli emW^E*ienf 

■;f tke bLf butte* /■■! 
Iff fidef Hit *i« 
of t( v e \p[ M - tut+tffty 



Refltchnj .f ^ Fta pi sf<K rft^i i o »a uAijtk 
Ra^nf uuJi^in 4 fkdpi tf flipped tiCrvft 
4 |i«f: Iff flte Fwfcin^ iw A mirrer 



AAhYTOf 




Fl.e reflection of pen K'H A FS £aII«J poim ^ A ' 
~Flie ‘:i-,afrf \\g reflection art tf.e fn^e 
iJlf+ 4 iAi <r (+& m li ,* 1 ^irrgr Fi^(. 



'jhdpff art fdid to F.st 

con^rHErif -F Ihfiy i-nve 

U-.E -;.w sure ft-, Lip* 
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% 



dhry 



?o«vi^ fU pef Irtve mirror IW^ Uvjidb- fUr^efy^, Ttafe fWef are (Jefdribed fif 

^mmelric^f. He *Yiirr-&r fine if dlfifW a iii^fi &f fymmfi+ry, ft you o w f ^ si^pe 
awd flen fry fft fold if fa fkflf if hv.abf fwo pgirffi£+[y oveHappi^ Lah^, 
fold if flu d fhew fee mfitfy wrtyf yaw CflKi da f^if, 
yaw '.'I fmd alf iff ll net t>f Symmetry 



TTy^ trirfnfllr IwK 1 r,{ -i 1’i‘ij -- " “ _ 

fi tah fc« foJdfd i« kftlT rkme Ji fftrfn+ mdyc. 

fhapef r.flia be Iw^td 
4^[ fhfi «/fly around find fif 
tjcacffy anfa fle^wiv^. Ttif 

if CflHfd rDfafiOftflJ fy wim r fry 



Hr friable aFfo has 
*f or<lfr 3. 



TkiT t in«-J rahshortfll fUwwwtky i}( ftrdtfr 
T UjW f^rtud 3fcO n , d Ir.fV- rjf.’J.- r !y 
li-fce iMf fwa on tke rohiJia*i L 
Pkifie fit 1 30' -And at 340* 



Finding fractals 

One branch of geometry involves finding equations 
that can be drawn on a graph to make a shape In the 
19th century. German mathematician Karl Weierstrass 
came up with an algorithm that drew a very unusual 
kind of shape a shape that went on forever 
repeating itself on a smaller and smaller scale. 

In the 1960s. French mathematician Benoit 
Mandelbrot studied these patterns and came up with a 
name for them fractals, Fractals are shapes that exhibit 
something called self-similarity - the same pattern 
is repeated at different scales, so you see it again and 
again as you zoom in on the shape 

Ware's one of 
Mandelbrot's fractal 
drown using a computer. 

No matter how doSel/ 
jOU zoom lf% the Some 
pattern fs always visible. 




y-sA^V^l iT-bclals 

If jrtw look cfassly at some 
object part of their shape 
repeats itseif ovnr and am 
again. These are called 
froctd ofrjecti- 

Frattds were observed in 
nature century ago by rtditjn 
twthetiKrtctmrr Fibonacci, 
although lie dldh K t hame them. 
They can be seen in s -Kswfiake r , 
flowers and even clouds. 



A f ffltf {Hn 

a mlcroftope 
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tfiHfifeotfi: eCiJ-lflTWal triffTn^ 
squares ond hexagons, 

Tessellation* JJl »lT 

Mundnsds of years ^190, Isku^MiL 
artists used various shapes 
( nd-jding* Stars, triangles end 
creScenti] to 1 design tesi el fating 
tiJej. They used then to 
dKoraie pastes. 




IF-.e Alf^rFienA Patacc na 

G r'C'ki^iJ &, Sp£i-iyi 

Pn the ea-ny 10 th century, 
5utch art- st M. C. Esther was 
inspires by the Alhambra to 
treat £ his dht tessellations. He 
often designed shapes U* kxk 
mlerlKjking tinimafi. 




An E^ck-Ef rrufidii 



Hf or W<k -k.d fi^k 
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TeSSeH&lions 

A tessellation b a repeating, symmetrical pattern of 
shapes with no overlaps or gaps. The shapes dont have 
to be identical - for example, the surface of a ball can 
be made by tesselfatrng hexagons and pentagons. 

£D tessellations are often used to make tiles to 
decorate floors or walls. Tessellations exist in 3D, too, 
for example, in the dense structure of a honeycomb. 



Do-it-your^eff: fesseltafimy ptfff L ern 

He^'f 0 example or Udw in pli.u Qrontwi witt, n 

Simple h?^>!fedi*tj to mate H more oo^plen, 

Ud^lid tepfellflliv!^, patter^,- 



t® 



I frrrjf, dr 4 i-u Out a 



2 Gw>f Ll (fa™ 

n-n. 1 ? pr r HhS 3 f 

doE^'t matter wb*\ ^t\Apa 

■-■•: 1 C-.I Cl! 

Add \ba\ ^lituju, ho rktf 

othfr r| h!-.J ■-:iy-isp-+' VriLh 

■'L-ik-i a pii-l'uifE to All fC.t 

hifiw i(-.flp£ if yd'-H fitfi 




4 , G-Opi^ h-.E i^[hf 

to til l'd up 
tgoWftftan. 
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Measuring the £arlh 

Understand ins how shapes work can be 
very useful, as Ancient Greek mathematician Eratosthenes 
discovered. He used hto knowledge of circles, triangles and 
angles to estimate the circumference of the Earth around 
2.200 years ago. Heres how he did it. 





SMSKiHB^ i/Li'E? fly 
At CTWCSW IN *£>TT. 





A 1DWN .w 




BUT AT £X*CUy W SAVE 
7VH£ '.V ALFxAhttA, The" 
SLW OAST A SLLV ShADCTV 
C+XU A 5UV3V.L- 




AT TmE IVg, DiS^SjCnS WGSE -ViBiSHSEZ? fly UW75 GflLLEP 
SWMA. ThE MlftWOi BSCHfl ALSySNPBA ID *ENE WAS 
AfiOUf S.DHO SPEW. 



Sh-~E Tr^ $uf$*££ & 'ME £A*TM IS OW 
OfflCULAfc ME CCT^LT^EP ^7 ThS AIK SETVVcEkJ 
7rfc TOWS WAS 7' CV' OF A 1DTRL OF 36tf J DP 
AFTJaaiAAT-dLr i£, SG 7-£ Pf£74S^ SETWEEV The! 
TDWNB V^7 Rf fh€ 1DTAL 
OF THE =A^U. 



60 , MOW BkS IS "if &UFTH? 

F ^ CF TriE EAJEBfS 
On^ViFSEENE* IS 6 : W0 
S&Dtk TMfiV "ME WA£*_E 
IS 

* SO. 

"US A -TOTAL OF 

zsz.ooa S1ACH WWt3N 
rS TU£ SDLr^LEWt of 
B teODfc.V., 




■WCPEJaj AieASW?£toEW7S SfVE 

oFjnH.l-'^prtMT OF fh£ £AF"H AS 

«ICWH^ SO aSffiJSTHMfl' 
EjfTlVATE vyAS kV[V, ry .ilOSE. 

HE ms A Uif rLE OFF BcCAt&E 
alex^wpsa is tvo: pue NdMt'u 
CF il'-ENf. ANP 7AE EflPTh' 
AOTUALiy A FEEF ECT SPHERE - 

a err fljsr atiw wstw a^jp 

EkOuTA ROLES 









4 .*. 




part 4: 

Fa.<tts ali<f fig-ures 





Dunne* the 185 Os war rased in eastern Europe, and 
thousands of wounded soldiers were sent to makeshift 
hospitals. One of the nurses working at such a hospital was 
named Florence Nightingale. She's remembered today for 
greatly improving hospital conditions But the secret to her 
success was maths - specifically statistics. 



Statistics is all about collecting and analysing information 
Nightingale found that many more soldiers died in hospital 
than on the battlefield, often because of poor hygiene. She 
turned these figures into a chart and used it to persuade 
politicians and generals to clean up hospitals 



Read on to find out more about how we I! -researched, 
well - presented statistics can be a powerful tool. 



























FACTS AVJ> FfStr 



Gn.*uf in* fi'rsl Ljrecit ' 
statistJdnrsff wotfrcndi ^ 
aitraiiamer ^-‘y ~c 'i iftian 
Laplace-. 



yfr S tali S Ik S cf^la 




hi ipent y*arj; watch nq the. 
stars or id pJaneU, and 
i r^c^-jn^ig the m-f Ifr^r 

path thrrjiJ'l" tile fky changed 
over t:mE Each year he ■gained 
rnara data, making his anaJysis 
more and nw? Accurate- 



Tn maths, pieces of information arc known as data. 

Data can be numbers, such as a list of exam results, or 
words, such as a set of answers to survey questions. 
Collecting and analysing all kinds dF data is what 
statistics is all about 

What do you want to fcftow? 

One key point of statistics is to Find out answers to 
questions. This can range from scientific questions such 
as How big is a male penguin?' to political questions 
such as What party will people vote for?'. 





The kiggeSf 
Sample 

Gw i>f she first 
nCofly big Surveys tuvk pla<£ 
in Sweden in 1 74 " 9 . Tile 
^avErnmflnt vrantsd to fi nd 
out hew many p*?o|te I ved in 
the whole country. 

They aipected the ami war 
to bs eiu.v= ta 20 mi lien 
peopie- kit ir» fa t there were 
just aver 13 mrilrtfi, 

Nowadays, mast 
governments conduct this 
kind of country-wide sunmy, 
cabled a census every leJi 
years ar So, The data also 
helps th err- detide if the 

cuu'itry neafc more resources 

>uth as Schools ar roads. 



Tufting a. sample 



To find the answer to questions like these, you need 
to collect lots of data But it would take far too long 
to measure every single penguin, or ask every single 
person how they will vote. Instead, you can just 
examine a sample a small group chosen to 
represent the whole. 









Sometimes a completely random sample can be 
misleading- too. If the cinema survey was intended 
to find out about a// cinema-goers a sample that only 
picked out people who are paying for tickets wouldn't 
represent the views of, for example, young children 
whose parents buy their tickets for them 

A good sample needs to give a fair representation of 
the whole population, as well as being random. 



Random samples 

One way to avoid bias in a survey is to choose a sample 
at random. A random sample means every person from 
a population has an equal chance of being picked. 

For example you could pick a sample of people 
waiting to buy cinema tickets by putting on a blindfold 
and pointing at just a few of (hem. 



The wr<sh£ result 

h £h* USA In T936, □ rrwgnrirw 
conducted □ telephone! survey 
of 1 0 niiirlian people chosen 
ot random, to risk whu they 
thought Waufd win the 
president; of elect on that year 
The purvey shewed readers 
thought London would defeat 
his rival Roosevelt by 370 
votes to 1 ?1 



lut in the actud ejection, 
Rook raft won by 523 to 5 

hy did they get it wrong? 
The reason w-ns that in 
only wealthy people flwned 
telephones, ^id mast of them 
wanted Landan to win. fc- the 
Purvey wcu hiajed, even though 
it sJeemed re Ik; random. 



Choosing the 5^Mp]e 

Iris vitally important to choose a 'good' sample 
Two 'bad' samples taken from the same 
population can give very different results 
For example, a school survey that asks 
How much time is there for sport?' might 
get the answer 'too much' if the sample was 
taken from just the chess club, and 'too little 
if the sample svas taken from the football team. 
Choosing a specific sample to get a particular 
result is called bias 



FACTS AW FJSVRSS 
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FACTS AMS FIGURES 



Bo^vts baguettes 

1 9 tb.-c^fitury French 
mathematician Henr< Pui’rnare 
spfnt a whole y*dr weighing 
baguette! he bought from h: S 
lotai baiter 

They wer* advertised tw 
weighing I.DOOg. hut h« found 
most of them weighed 
noticeably ujss than that. The 
average weight was only Wg. 

Raihcai^ tdd the police, and 
the baker hgS fined. 




The eVer-chah^Ii^ 
hi Jog ram 



Tbs Bureau <ff International 
V*e-Ights and Msawref in Fr ance 
holds a tender of mstd that 
weighs exactly one kilogram 
Trod'itioivtll^ the most accurate 



sets of weighing scdes were 
calibrated using thsS cylinder 




But there ^ a problem - the 
metd is slowly disintegrating 
ieshlng tiny, tiny amounts of 
weight over time* so on^ new 
scales calibrated using the 
cylinder wdl vary skghtiy from 
nld^r scales. 



PiffidullieS wilh <fala 




Imagine iwo pirated Nancy and Jonah, are arguing 
about who has the moat gold It should be simple to 
settle the argument, shouldnt it? 




All the bara look the aame. But when they put their 
bars on a jet of acalea, Nancy s weigh more than 
Jonah a 



Jonah complains jo they weigh the gold again using a 
different set of acalea. Thia time, the scales tip the other 
way it seems that Jonahs gold weighs more 
How can thia happen? The fact is, no two bara 
of gold are ever exactly alike in ai?e or even purity, 
and no ae: of acalea ia entirely reliable. (In fact, Jonah 
cheated in the second attempt by putting a heavier 
bowl on hia aide of the acalea) But even two modern 
digital scales can give different readings 
when weighing the same object. 

The beat way to be fair is to 
weigh the bars many times on 
many seta of scales. Then, compare 
ill the results to see if one lor 
comes out weighing more overall. 

&s 





FAdTS AXP FISuB.ES 







Thfi of 

sed'f i( 21 It's •H’iN 

avgra^e, even Wnfrugk 
packet ** fki^ ^mpfe ktfd 
sxacfta 23 j 



NiHiiil^F of feidi ■ f r .iikiTi : i IQ 



Nm*.k>0r 

\£?d t - irt p^ct^i 1 



Median 

Tn*t rrmidJe value of 
thi Sampie eofed 
the mediiti. Tn find 
it, arruftgft the data 
in numerical arder 
and f ihd the value, or 
values. in th£ middle, 



Meaft 

hfih people Scribe ari 
'overage*, they ore acuity 
talk-ng about the mein. It\s 
the value Dbtni Oftf whe.n date 
is shared out equally 

h calculate it, add up dl 
the results, ther. divide by the 
total number of examples 
(b^re, tlw total number of 
seeds divided hi the totdl 
mjiT.fo?r of p-iikets). 



Mmr-iktA {1\ pfldkfN -dk 
lk*r ejcAct -!■-. iF-.b-r- of ■'.Pn^V 



The MeaJling of average 



Ir> everyday use. the word average' means just 
ordinary or 'in the middle. But in maths, there are 
three different types of average 

This seed packet contains an 'average' of 23 seeds 
But what does that actually tell you 7 



Ho* 



The number that appears most 
m a set af numbers is 
s mci’de Tbii is wtc kiru 

WV-I U'jf i 



3ox mfobeTs 
A b ax of cereal might say 

weighs SOOg. but if you 

:ghed the ^nolo mk, or even 
just the cereal ns- dt i t 'd 
p.-abably wefgh a bit more ar 
less- "i 0 O*;:' is the ^pno^Vnate 
weight af the teneal iny-lde 
the box. If you sampled many 
how& the average .should be 
very dose to SODg, 





Ms 







Time taken [rrimutfs) 



dliaTtijig cfata 



Lihe cha^l 

Line charts are gaod tor 
. haw something 



Bar sharf 

fat charts w* good for 
comparing the quantities 
of different tflinqi- 



Sometimes rhe easiest way to make seme of data 
is to draw a chart. There are a number of different 
w r ays to do this 

Spfe^ of a t! at* on ft jouFhey 



2 3 4 5 

Time (minutes) 



Result* of a fruit survey at ft superMarhel 



Type of fruit 



£or charts only work for 
^Knete data - data 
ibflt can be divided irtto 
Separate items, such Sli 
■different fructi- 

The bars an fl ba* cnart 
are the same width, and 
ton hove a gap in between. 



Thine Iftjteh to finish ft jigsaw 





i s 


4Q- 




— 




— 


HjJtugnams uM baCS to 


-g.1* 


in j 










compare different snffipleS 


& J 


Jv 










from a set of continuous data 


H- 

rt *r3 


20- 












-date that can be describe^ 


i - 














OJ any VaiiJC within a giver* 


1:1 


to- 












range, ar interval, 


=2 *- 












n tl 



This bar oa tba 
h stogram ^JtowS anyone 
who completed the 
jigsaw in at least 6ft 
minutes, but less ibon 
70 minute's 



fie chart 

charts uSt □ circle 'll} 
represent the- whole sample. 
They re useful for showing 
h m different, section af 
that Sample are iplrt up. 




How Film spehds 
JlW pacifael MoJiey 



Chocolate 




Clothes 

Ctl!p5 
Comics 

Music 



Cinema 



How Poppy Spends 
her Tbo^feei money 

M agaz i net p, Chnr olate 

Jewellery 



Stationer 




Analy^itf of cItxes i3: how tajj $\v.dehU are 
nonpar ecf with how Jong Iheir feel are 



Scatter ^i&^rahi 


£ 
_ kj 


40- 


’kattc" diagrams show 


10- 


haw two a ffers'rt th: ngs 


-u 

0.1 


maj' or may not relate to 


U- 


20- 


each other. 


% 

+* 

cn 




c 

-3 


10- 



fit Jt ^ 

Jfcf * 



~1 T 1 | 

NO ISO 130 140 



Height (cm) 



Ajialyii* of dass ^B: Jiow fall sl-ccfejits are 
aJi d Ji*v/ weJJ they efitf iji a Maths test 



20 - 
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FACITS AND FHSUF.ES 





Cheating with charts 

Sometime! people design a chart in a way 
that is intended to mislead readers 



Lihe chart cheat 



Cfli-e-Krymck Sales 
20H 



This line chart looks very 
dramatic, but the data 
says otherwise Look 



10.200 
S I0J00 



10,000 



if ihii QiCijf started from 
0, the change wnM kok 
levs drastic. 



-t — i — r 

fVlflrck 



T m r- 

Jun-t 



Picture cheat 



Bar chart cheat 



This picture compares the amount 
of apples coming from two 
orchards. Orchard E produces 1 j" 
times as many apples. 




Orchard A 




! Orchard 5 




This bar chart compares the subjects 
children like at a school 





.V 1 

~ tfT . 

u! 



Subject 



facts ANT) FIGURE'S 





False correlation 



Sometimes a chart seems to show a correlation between 
two factors But. just because there's a link, it doesn't 
always mean one thinej causes the other: There might be 
another hidden, factor Look at this scatter chart 



400 



^ - mo 

0 ^ 

1 | MOi 

E y 

^ y !0C 



pH. of dr 



ngf 



Goo<£ ga.Jne t bvd oalne 



Data tables can record a range of results over a 
period of time. They nearly always show the same 
trend: results tend to average out over time. For 
example, this chart shows how many goals a striker 
scored in every soccer match in a season. 



i !. : ,7 i " ’ 
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The mean number of goals was approximately 1 5 If 
you look at the results in sequence, a pattern emerges 
a high scoring game is followed by a lower-scoring 
game, and a low-scoring game is usually followed by 
a higher- scoring one. 

This pattern is called regression to the mean. It 
shows that, over time, results don't get steadily better 
or worse, but tend to settle around a mean point. 



Praise or punish? 

leathers at a flight school fDLOJ 
rthfln the? punished u piitrt whu 
hod juJt performed hadiy in a 
test, he improved next time. 

When the? praised n pilot who 
performed Hell, 'hot pibt did 
worse the neat time, 

Sa t$le tnschers ibegan to 
punish d I the pilots at] the 
me, in the hopeuf improving 
evet ry&x's test scores, Eat t 
didn't work, 

!ty nctf Because pibts whs da 
bodl? at one test tiji^d ts> do 
better time, while pikrts 
who do redly well tend ta do 
ffD rse^ n^anefes a F praise nr 
ponf$hm&n± 

in fact, over time, a pibt h s 
Scores wont keep gettirv^ 
batter {or keep getting wnrsef. 
The score will settle closer ant 
closer to $ i*em value. 



73 



FACTS AHI> FKSVfcES 




The man 

letqiun statistician Adofphe 
(ju^telet was ante af the first 
La caikjct data about people. Ite 

iflfi&tf Q Figgk lu>jU Tr^utise gn 

,n ^liich be used dota te 
describe the height weight and 



att^r characteristics af ah 
ayerg^e 1 ^ih-century man, 




The average 
eritoitia] 

Quetdet o iso collected! data 
about en tries and the peapte 
who committed thrni. Nis 
data SUggeited that 
cr*iTiirasis wens mare likely 
tu tome from poor home*, 
ha^e little eduedt-on, ar^ 
be drunk when they 
committed tbfli r crimes. 










whal is normal? 



One reason people look at data is to find out what is 
typical. For example, how big is a typical pumpkin 9 
A chart that shows data to answer questions like 
these is called a distribution chart, because it shows how 
a range of results is distributed. Distribution charts often 
show a symmetrical pattern with a peak in the middle, 
which corresponds to (he mean, median and mode. 




Tie U<n£ shows a prifferw £fi(fed 
n&rmft! difJrifcufccMv Tke si-^pg of 
•l.i' tmv ^ often toilkd ft keif ^rvc. 






Weight af pu xnpkiht 
in a s-aperm^rjiet 



1-12 I.Z-1.4 UH.fi I.l 1 ri ti-ti 

>i!ungo of weights (kg] 



¥«e.&v\, nfti 







FACfS Atfp FIGURES 



SlaJicfafcf cfeViaiioJi 

Its easy to see a dear mean on a normal distribution 
chart. But what the chart also shows is by how much a 
range of pumpkins vary from the mean. 

There is a point on the line either side of the peak 
where the curve stops getting steeper Nearly 
two -thirds of the data falls in between these two 
points. Statisticians describe each point as being one 
standard deviation from the mean 

It's a mathematical way to describe how typical, 
or untypical, a particular pumpkin is. Most pumpkins 
differ by less than one standard deviation, but a few 
tiny or huge ones might differ by three or more. 

uneven distribution 




The shotted area on this ^ropir 
covers two Standard iterations 
from the mean The symbol O i 
sigma* is used as q shorthand for 
th« term 'itandofd deviation 1 . 



3usihess tfta h<t*Y4 

Manufacturers, banks and even 
gaVernh^ntS try ta mprove their 
performance using □ measure 
knortn as ^ or ‘sil 



% 

£ 

3 



n 




KVuEflin wCOmi 



Median income: 

$4 mo 



wdpnf io 
fkey deserve 
tetter rni^f pomf fp 
tine modi i ntCmi f (5 p rovi 
^ fkelr pp'.wf . 



But there are many chart .5 that don't show normal 
distribution. For example look at thij chart showing 
how much money people earn 

IftCoHe of Jaeop]e oft Ffee Marfrei Itfl&jnf 



For example, □ company will 
carefully anomie any product 
the/ make that falls six standi 
deviations bibf* the mean quality 
tevef This helps them unsure the 
mistakes involved in making the 
inferior product are not repeated. 



Node income: 



Mean income 

$ 50,000 



TOO- 



IQ .50 40 SO 60 70 

Annud incnme (in thousands of dollars) 




Part 5: 

T&fie & ch'&hte 



Probability is a branch of maths that uses logic and 
arithmetic to analyse how likely something is to happen. 

It. can apply to anything, from guessing which way to 
turn in a maze, to deciding whether to bring an umbrella 
with you on a walk. 

Most people talk about probability without thinking 
about the maths behind it, But some people, such as 
insurance actuaries, think about it very carefully. For 
example, to calculate life insurance costs, an actuary 
has to figure out an accurate probability for how long a 
person Is likely to live This is based on things such as 
that person's age, health and profession 



tAfcE A CHAJJCE 




Wfial’s IJje 
Wealhet' like? 

T bt mother forecast r.s a 
prediction alaaut what the 
weather will be like over 
the nejft few daj$ 

Wither station use 
computers to make caicufotioriS, 
based on meaiur&menti of 



Is il likely? 

It's impossible to know for certain what will happen 
in the Future, but maths can help make good guesses. 
However some events have so many factors to 
account for there's no way to make a good guess. For 
example, is a journey quicker on foot or by bus? 




temperature, air pressure araf 
other factors, then umpire 
them with data going 
back decades 



I he j&urttEy 
t ml. sn^e£ J 



*i L> Svi I lllj l K-1 i" 1 / 



ProtaJsi]ity 5ca]e 

In maths, a probability is given as a number between 0 
and 1 (usually written as a fraction ora decimal), that 
shows bow likely something is to happen. Something that 
will definitely happen has a probability of 1. Something 
that could never happen has a probability of 0. 






il wri H will eveniurifkj step 



T-AftE A CHANCE 



Calculating pTokatiJilieS 

To calculate the probability of an event, you need to 
work out bow many wayi itb possible for that event to 
occur out of the total number of possible outcomes 



The probability 
of a partieder event, - 
or P(Event) 



the number of ways 
it can happen assuming 
each way has the same 
chance of occurring 



the total number 
of possible 
outcomes 





Monster or iioi? 

Sammy has to choose which way ig turtt There art 
two possible outcome* meetil^ 0 monster or not 
meeting a master. He con only 90 feft or right, 
not b^kiwords. So the probability of meeting one 

fsl-§-£ 

KMonsterJ =y 






One he^rt 

Lotte Selects a card from a pack. 

that's the probability that she pitks a heart? 

Ihflns are 1 3 hearts and 52 tends in totai. 5d the 
probability of picking a heart is T3^-52- 
On 




"fhr * six 

Mc.r is piaymg a game using dice, abd she wants tn 
throw a si sc. The dk« has si x sides, each showing a 
different nunte- Assufti ng rts a fair dice, there are six 
possible outcomes 1 ? Z, 3, 4, 5 cr £. So. the probability 
that she throws a S it ts 1 — 6. 



044 of eVeh? 

Ft P s Stefan’s --urn ta throw the dice. What's the probability 
that he throws an even number? 

There ore three ways of throwing an -even number; 

l t 4 or £. There are sir possibfe outcome* 1 . 2, 3 n 4 n 5 or 6- 

So the probability of throwing an even number is 3 6 . 




PtEven) = 4- = 4" 

h 2 



P(Si*M 

o 



7 ? 



TAfrE A dHAWCE 




‘the hey \o $TXtteS$ 

Wtmji td'd gtirnes involve 
(fccislons bnSdd on pr obab-Lty 
People who play a lot 
oflen became very good at 
(□Iculatirg pnababirities In 
tbsir heacfo- 



Far e)iamp3e. the kfcy to 
m.nmrfl irony card games 
aeptnds on hiding how i\k^\y 
it \i tliot o tefto n cord will! 
«wne up un the 
fieri turn. 



AH i\ddih£ up 

When making calculations mth 
pFobaMitjA, it helps is reme mber 
the rule- 

Tbe surfii of the 
probabilities 
of all’ passible 
outcomes - 1 

For ejconsplt. when tewing a coin, 
the probjfcifity of ge tting 
heads - 7 arid of getting tails - f 



flH}+P[lfof +T=1 




protafci]ity tfeeS 



When finding the probability of two or more events. it 
gets a little more complicated For example, if you toss 
a coin twice, there are four possible outcomes: 




You can show this 
in a tree diagram, 
made up of lines 
called branches. 

A new branch is 
drawn to represent 
each possible 
outcome 

The probability of 
getting heads onerch 
toss is dwoys j„ no 
matter what happened 
in the previous toss. 




TLe o f; fkf probate I if i€£ 

for tfi^y of brftiockgs ~ I, 



More eVetiis 



Even if you've tossed three heads in a row the probability 
of tossing heads next time is still f £>ut the probability of 
tossing four heads, one after another is not - . To work 
this probability out. you need to multiply the probability 
of each of the four coin tosses. 

PfHHHH) X f X X J = ,7 A.--' If* yow drew ouf the pnoJoabilify 

free of ftmr esm there 

would be 16 branches fhe e«J 



TAfcH A OTAVOg 



TJle profclein of points 

In the 17th century, two French mathematicians, Blaise Pascal and Pierre de 
Fermat, became fascinated by probability They kept writing Idlers to 
each other about a particular question they called the 'problem of points' 



7$$£Ai. AMP FtiRYJK 7 l*U^W£ THEY A CAFG FUWMS A SOW- HSSWS 54ffl£_ 







.. WHth FEE-WT .4A5 ID B&C** 

CWWC FTNU5 HES UOW SKXU? ThEV PiViFS 



PASCAL AMP FEF-W ASE&E THAT FfcSCAi SMOLiP 
S£T A BtfSS? SHAfli, ELJT l>*Fv WAKT ID WoCf 
e^ADLV MOW MOi &5G&Z. 



THEV WOK OjT AlL THE P 031^ WA:^ THF SAME 
COULD ©sPH? r USING A T*££ IRA&RAMi 

Hea^S: P#$Cfll itfin^ 4-a 



if Urt SCbrt wbtn 
r«r m fl{ Imvk +tvij £a(4 



FlArt* 



PASCAL ANP rEtf.VJr HfSCEISc TlftC 

ware to sente 'he Aflswwr; 

A) Iht frtibfcfeiihj if& ?tit!LUf ike?? Art 
fki'lt fttffiUl flMffiomf? ta +Evfi 

JkI One tf fklLFn., ffrmrit 
Cb iPt^ Could 5piit r^f 2 1 


5) 5ij Vui Ike (J.- tall pTOkflbififipff 

uf tAck fl ( Hi* +tir f€ flHtcClFvvEg, Ikflj fb^cl 
\La\ Ptf££A| ^LirttE tf u,'U-.«h j h: ; ;. 

w the enp, TW PfttPE OPTION *j IS TUP 
wi *sSfek A^ACOJMm^^ASR^TH^ 

\J*W WC1LP SFUT THE WIMUSNSS 3-v f 4 


THE STUPr OF FTOB-Wfim as a WHOLE mew fieu? of +iATkS was 

JNSPHfflP & y THIS CASUAL &SCUSC\OH Of AS MA&HAVY &AME- 






lAkZ A eKAKOE 




Sa-Me of dhajicre 

Imagine □ friend chal k:r&gG5i ynu 
to- a game of chance. ?Fe ^ 



ShoutJ you accept the 
challenge^ lb be ce-rttiiiL fjr*1 
the pr^hiJity of obtaining a 
sun> of b ahrl ths probability of 
obtaining: o ^um of 3 from t^o 
dice f end ±ee wFpcb *5 greater 



Surveys anrf estimates 

Some probabilities are exact for example, the 
probability of picking a red ball from a bag that 
contains 8 rod batb and 2 green balls = ^ =y 

But not a!l probabilities are exact. Some are just estimates 
based on an experiment or survey In a survey the 
estimated probability is also known as the relative 
frequency This is the number of times an event occurs, 
divided by the total number of trials or observations. 

count 



* here are four woyg of 
obtaining a sum 5- 
1.4 2,3 3,2 4.1 




1 hare ace jui t ‘two ways 
□f obtaining ft aim ftf 3: 




fhe*c arc 36 paiiibb 
outcomes Fn tatai, 
covering every outcome 
from 1J to^r^So 

W-E 

•»** 

This, meani a .sum of S s 
tw ee as finely <W 0 iW 1 uf 3, 
SO if" jtou occept t ha challenge 
yayVl probably fe?Sc. 



Here's an example: Lily .stands by the road 
counting how many can have just 
one person inside. 

Out of ten ears, she notes that .^even have a single 
person in. When she extends her survey to 100 can 
she counts 63 single person cars. And out of 1000 
can, she counts 602. 

In the first case, the relative frequency of cars 
containing just one person is ^ or 70%. In the second 
survey its or 63%, and in the third. Its tf^or 60.2%. 





Tig m*>£f fe 

r££mlf is' fie CS^IC 
based cm fie g^Tc^f 
of 



I o d general 1 
^d pajsre^erf, flic 

result Is Led". 




TAKE A CHAWCE 



Ftecj-ueJi^y chains 

Sometimes the best way to understand a survey is to 
show it dearly in a diagram such as a frequency chart. 



5uf vey; 1 ,000 clvklrcn were asked to name a taitr treat 




| p 1 — ‘ “T 1 

Strawberry (ha co+atc Lemon charts Eockct Kota 
0 Spirals mice j ^ beors # 

from this chart you can see that strawberry spirals 
were the most popular The relative frequency of a 
child picking strawberry spirals is about which 
is the same as 65%, 



Mafeijig plans 



If you know (he relative frequency of an event, it can 
help to make plans for the future For example, Nadine 
was given some new sandals for her birthday on the 
1st of June. But she can only wear them on sunny 
days. How often can she expect to wear (hem m June? 




Lpeereti number af days of roin ~ Q.^ x 3G ~ 1 ? 



Expected number at Sunn 4 days - 30 - t2 - IE 



So, Nadine can expect to he 
able to wear her new sandals 
on about IS days in June 



1. : he calendar 
tells her there 
are 30 days 
in June, 



2- ft website about weather 
tells her the relative ^ 

frequency flfrtsmy days in J 
jrt .r= her town is 0 4 



S-arprwing re*u ft* 




Lity ahd Er :c have two children 
ftt : eait one .. a boy. What r ± the 
probability that the other 



To fmd out why, make a list of 
all the possible pairs of children 




BB. &S. Gd.pC 



Sinr* you kisow or# rbita is 0 ho/ r 
you can rule out the last ane, 

Of the three remaining 
outcomes, twa af them have a 
q:> !. so the probabil ty that the 
other -child IS a sin is }, 

fti you get more information, 
jrau can predict a ansuter 
more accurately. 



Mi nd Vending 

Ask a friend to thmk ol a 
number bet'wee," " and ! 0, Jt 
should be impassible ^0 guess 
whai they'll s^y wil.h nvfcn? than 
■ 0 % accuracy Sut i * yuu gucSS 
}, st?u Jl be right about 3Q7i af 
the t-me. Ka one knows why, but 
surveys miund the world show 
that, about one third □! people 
alwoyi think of 
the number 7 





More ako-at rnatii$ 




In this section, you can find out how the 
.study of mathematics has developed since the 
dawn of human history, and discover some 
of the ways In which maths plays a part in 
working life, and especially in music 



as 




MOR£ ABOUT MATHS 



Maths worft 



Nearly every job requires some kind of rr?ath,i such aj simple arithmetic 
But *ome job,? require more complex kincto of mat hi, too. 



thlrtprehe^xTs 

People setting up o business often need to borrow 
cqsti from :rw«stQFS. b convince people to ban 
them money,, they create a business plan using 
charts ond percentages. These deacribe how 
much ruQrtrj the business h«ds» 
and how much the investors 




F&shivh designers 

Fashion designers u^uolfy start with a sketch. But 
to turn that into □ piece of clothing* they have ta 
know how to draw the shape they wont as a het 
They then need to convert the net into a life-size 
pattern, using measurements and scale, So that 
when the fabfk cut ,t f s the perfect 




size ond shape. 






&eUn\is\s 

M scientists use maths 
to plan experiments and 
examine the results. Many kinds 
of scientists mod maths for other things, too. 




Doctors use ratios to work out a dose of 
medicine. Ecobgists and marine biologists 
use statistics and graphs to analyse 
animal populations. Chemists 
use algebra to figure out the 
amounts of compounds they 
need to moke a chemical 
reaction work. 



Stockbrokers aimfyse data ond chorts 
relating to stock prices. They aim to buy 
when the stock price is low, and tape that 
the price will increase, so 
they con sd! their stocks 
at a higher price to moke q 
profit for their clients. 




Buijef^rs 

Builders need to be skilled at geometry so they tan 
turn o plan into on actual building, They also do a 
bt of estimating volumes and areas, to work out 
how much of each building material theyil need, 
taw tang the job will tote to complete, ond taw 
many people ta hire 

II 




MoAE ABOUT MATHS 



Maths in M-asid 

When musicians write music. it's like a language, but a language based on 
maths, not wordj Music is made up of sounds, called notes, that can be 
written down as symbols on a set of lines, called a score The position of 
each symbol tells you which note it is. The kind of symbol used breach 
note describes how long to play it for 




crotchet* Echt^ 



A Semibreve iJs four 
crotchet* long. 



H<y w l<*hg is ev piede of 




Ancient Greek nwthemqtbcm Pythagoras 
made a brilliant discovery Over 2 n 50 Q yean 
090 . rates that sound good together, that arc 
n harrnan^ are rented 
mathematically 



Pythagoras afro found the Sauid af a note 
plucked cn a string depends an tte length arsd 
tertian of the string He plucked fl String to 
make a Murid. Theft he haired the length af 
the string and plucked it ogam, and Found 
the sauid it mode was almost che same. but 
a higher pitch. The mtervqf bet * tm these 
™>tes is now known as an oefcare. 



Each abd hafMoiiy 




J 

^ ^ 
Score showing or* * 

kind of major triad 



A chord is two or more notes played at 
the some t ■Iru*. to create a harmony. 
300 years ago, German comparer Johann 
Sebastian Sach tried ou t many chord* 

He ended many of hi $ keyboard’-btfsed 
pieces with a particular three-note 
chord colled a major triad 



A major triad can be defined 
mathematically, according to the spacing of the 
TOtfS- W ad jocent notes afe exactly one Scrmtone 
apart m a major triad, the second rate is exactly 
taw semitones above the first, and the third note 
rs three wftiitemes above the second 




Glossary 



Wo nil m tuticx have their own separate entries. 

algebra The maEhennatiGs of usins symbols to 
represent unknowns and to create general rules. 

arithmetic Solving maths problems using addition, 
subtraction mpltipliration and division 

average In maths, rh r .lVFnigR value From 2 .vet of 
valuer hi its rustn median or mode 

axis (of a graph) A horizontal or vortical hne to 
help define the location of points tailed Cttfdfmtes. 
The plural of jjrii i,> axes (pronounced 2 % eez.1 

ba$€ number Tbs large number in an ir/dex fnm} 
number if cel U whst number should be multiplied 
to the po&er 

bias An In fiuence t ) tat prevents a survey from 
accurately representing a whole population. 

Wnarjj A system .if counting that only uses ta and 
Du Used by computer* (0 flora information 

chart A visual representation of mathematical 

circumference flse perimeter oi a circle 

congruent shapes Shapes that are exactly the same 

coordinates Numbers that define points on a map 

or £ rjph nt:1j ti ve to a base line cal led a n ax/J. 

eon-ebtion A i-n k between t wo thing-* Unc thins 
may or may not be the cause of the other 

Cube root The opposite of cubit# a number 
A cube root !s a number that when cubed equals 
ihe in; Mai number 

Cubing Raisins 3 number to the power 3, which 
means multiplying three lots of th^t number together 

data Information, such as the results of a survey 

decimal place A digits position after a rftjcinw point. 

decimal point A point used in the decimal system 

of counting- tach dig.il after the decimal point sLands 

for» <enin. hundredth, thousand rh err rif one 

decimal system A counting system based on tens 

denominator Tfce number below the line in 
a fraction. 

d$t Any of the ten Hi ridu -Arabic nutnOPdfo 0 - 9. 



dimensions The directioni rn which an object 
spneadj out A hne has one dimension, a square has 
two and a cube has three 

elevation A drawing ttiat shows the shape of a 
building seen directly from Lliu front, back oi'Slde. 

equation A rnulbernstic.il Statement thaL two 
expressions have fhe same value. 

estimation An approximate answer to n mjaths 
problem, often found usins rounded numbers 

expression A group oJ symbols, sometimes 
including digrtx it?pre.i+:n ting s number in jtyebfS 

fad; or; A numbers Factors are the whole nurnbera 
rh s c divide exactly mto it with t?o remainders. 

forrmi la In nfsebr . r a rule thafexph F ns how a 
sequence b generated or describes how two or 
m ore ysiiahiaA are related. 

fractal A shape orpsltern that repeats itself 
forever It exhibits self similar! ry looking rho 
same when you enlarge it 

fraction A number usually written in the form 
IT rhst compares part of an object with the whole. 
Factions can also include whole numben, e.g. f 

geometry The study of shapes and measurement 

gradient see slope 

graph A drawing that shows the relationship 
between two or more s-uts of numbers, or between 
values in ari jlgebmic equation. 

gu &$$tl tnatfl A very rough calculation. made 
using some numbers fhat can only ho guessed m 

imaginary number A number that doesn't appear 
on a real tjutrtbe. Htne r such as I. V-t. 

improper fraction A faction wiLh a larger 

numzr^Qr rh an denorrtinitnc e.g *. 

index form A way of writing ^rge numbers 
involving a b^se number raised (0 a power 

infinity An Impossibly ^istjh number No matter 
how high you count you can always go higher So 
you c^'n never -ac rij.ll I v rear h i nftnity 



itTOtiOlial number A n Lumber rh j 1 1 ,n jc be written 
w i friction Sri* decimal form it na.j an infinite number 
of decimal place* 

■trr^ular In geometry* a ,ih ( *pe that haj unequal 
aides and anglea 

linear equation An equation rhai -m he depicted 
on a graph using a itral^hi line 

mean Our kind of avenge oF -i sample, found by 
addl ns al I th e mi m be ra a nd d i v id mg by rh e Iq h I 
amount of numbers in rhe iampie 

Median When a set of valuer b Hated in girder: rh ij la 
ihe value, or values, halfway a Ions the list 

mixed number A number expressed a.s a whole 
number w^fh a p/bper fraction V' 

mode The value or I ten-, that appears most often 
in a j ample 

mm A scaled down or simplified representation of 
j larger or more complex ohjecl or situation 

natural numbers C'ou« ^n> numbers or whole 
numbers Insm one upwards 

negative numbers Numbers less than zero 

net An unfolded 30 .shape-. a flattened cut out that 
iyiN fold up exactly to form a 3D shape 

numeral A .symbol uwd to represent a number 

numerator The number above the I me m a fraction 

order of magnitude An object that ,*s 10 tiroes 
bigger than mother |,t bigger hy one order 
of magnit ude 

paradox A yei of alafe menus ihst are all true, but also 
contradict each other 

parallel Parole! imes run side by ildc- and go in the 
same direction, but never meet 

percentage A type ol fraction. A whole i* )u0% 

perfect number A number where if you add up 
all it* factors ( except fbnhdfl. you gel rhe original 
number eg 6 l.i a perfect number because 1 6 

perimeter The distance around Urn i;dge of a shape 

plan A drawing that .ihow.i what *i shape or building 
looks like from above 



population An entire group being analysed in a 
■survey, for example all peopli living In America 

power The tiny number In in inde* form number 
U relb you how many lots of the base jhouJd he 
multiplied together 

prime number A number that has only two factors 
- itself and one. 

probability The likelihood ol an event occurring, 
described In rmths on . 1 * scale from 0 to 1 

proper fraction A fraction with a smaller 
numerator than Pi 'ftnmlna (or ng ■ 

quadratic equation An equation that includes x 
and no higher power of t. 

radius The distance fmm the centre of a drtle to 
•any point on Lhe edge of the circle 

random Wl rhout orde r or sequence 

ratio A relationship between numbers, based on 
mulrlplk.-ition Often used to compare amounts-. 

rational number Any number rh jr can be written 
as, a fractio n 

reaf number Any number rh-at is positive negative 
or zero. including raftom ! ami lrr*tivnif numbers hut 
not infinity or Imaginary numbers 

reciprocal The reciprocal of a number is found by 
dividing 1 by that number For example the reciprocal 
oF5 is ~ 

regression to the mean A Austin I observation 
that, over rime, the results In a. survey will tend 
Awards the value of the whole survey raiher 
than going sieadlly up or down 

regular In se&meiry a si npr d^at has ties of equal 

lengths arid ansl« of equal amounts 

relative frequency The number of times a 
particular event occurs rn a sample divided by the 
ton I number of evenly in the sa topic. 

sample A set oi mathematical dai# found by laJfirsg 
part of a population 

sequence A lisi of numbers in ordr r usually related 
by a mathematical pattern 



simultaneous equations Two j j _ pj n [p f?q?jJiror}f 

tllM bo4J] describe the Same vs ruble*. 

slope How much j lint-: graph Wretches up compared 
I* how Far it *inetch« alo ns ft-'so called gridierfl. 

square root The opposite oF squaring a numbei: 

A squsme mot i*a number that when squared, equals 
the Initial number 

squiring Raising -a nu rn her to the powe r V/h lc h 
means mi I ti plying it by Itself 

rtJFidard deviation A measure of how much 
variation From the meat* there li In a jj mpfe 

Statistics A branch ol maths [rut steal* with 
collecting. analysing and presenting fds-ri 

substitution Solving problems by replacing, 

[he unknown* in wjUMiont with numbers 

survey A mathematical exercise to collect date. 

tatty An early way of counting making scorns nn 
wood or bone to keep Lrack of amount* 

term In aigebtu part of an fzxpn&tfion usually made 
ol numbers and tefSen mulripiied together e.g 3cE 

tessellation An arrangement of repeating aha pea to 
cove r a surface without gaps or overlap. 

tfcSSeract The shape a cube would lake on il it 
gained in extra dtmem <ion. Also called a hypencube 

transformation An aila ration to a shape* *ize 
appearance, orientation or positron. 

triangulation Constructing h network oi triangles 
to ma p ou t an a. re a. or to r u rrnw down the- I ora rion 
of something within an area 

trigonometry The mathematics oF.ingte* and 
triangles also relating fn waves a "id circles 

units (i) Tn relation to measurements, unit* are 
standard quantities fey which length. mass. volume 
and .in .ruT are described. 

fii) In relation to number* units arc the most 
basic counting value 

triable Another name For an unknown rn st> 
equation or the quant! tiff* in a fnrmul a 



Here you can Find out the meaning of 
the symbols used in this book 

+ addition sign 
- Subtraction sign 
x muttipEication sign 
-r division sign 
= equals sign 

n“ squared number A number multiplied by I tael J 
For example. H : '' - 2x2- 1 

rr Cubed number A number multiplied by itself twice 
For example 2 : ' - 2 x 2 x 2 ■ & 

y square root sign to find a jvquare mnt means to 
Find a number lh.it, when rmdtiplied by itself, give* the 
original number For example, -jib - E. 

\? cube root sign To find a cube root m-eana to find a 
number that when multiplied by it.wir twice give* the 
original number For example ^ 

% percent Another w r ay id say 'out of 1 00' For example, 
Ti% i* the .lame as the fraction 7^7. 

X A curly x represents an unknown value, or the 
horizontal axis on a graph 

y Ay represm ts a second un known vs I ue. or the 
Vertical axis on a graph 

Z A z represents .1 third unknown value* or the third axis 
on 3 50 graph 

n An n usually represents, any particular whole number 
a* opposed to a variable. 

'■ f Ti A dot a hove a d igi t al way* .1 lie r n dec ?ma I poi n t 
means tbaii digit i* repeated forever 

71 pd A number thal define* the relationship between 
the diameter of a circle and H* uncumfe rente. 
Approximate value. 5tt 

t|) phi A number lhat defines the length of one side of a 
golden rents ngle {.see page Approximate value: i .62 

QC infinity A. symbol that represents the ?dea of going 
on forever 



Ahs-wers 

Here are the solutions to so rue of the problems posed throughout the book. 



L picture sudofru T page 

This >5 how the completed stjdioku grid lnoks: 
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2, Shape se^ueftre, page ^ 
The n ext shape in the sequence is: 




There are two- rule* in the sequence 
] , ^dd twa Ejctra s iduu-js t a each new shape. 
2. The shapes change colour in sequence- tao 
- from orange tu red tn green. 



y TahgraM, page 5^ 

Hene 7 s the solldion to fitting a[l the tongrarn 
shades together tn make a large ttiangie; 



page 5^ 

Were one the matching pairs of 3D 
shtspeS find their nets: 
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